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I.— INTRODUCTION 

In  this  country  very  little  attention  has  been  devoted  to  the  biology 
of  the  water  beetles  of  the  family  Hydrophilidae,  and  there  exists  a  woe- 
ful lack  of  knowledge  concenung  the  immature  stages.  A  general  sur- 
vey of  the  aquatic  members  of  the  family  was  begun  by  the  author  in 
the  spring  of  1914  and  has  been  continued  until  the  present  time. 
Primarily  the  New  York  State  species,  especially  those  occurring  in  the 
vicinity  of  Ithaca,  have  been  dealt  with  but  the  collection  of  the  United 
States  National  Museum  (which  consists  mostly  of  European  material) 
has  also  been  examined.  All  the  genera  here  discussed  have  been  reared 
by  the  author.  Some  specimens  of  the  genus  Hydrous  were  furnished 
through  the  courtesy  of  Dr.  Robert  Matheson  of  Cornell  University. 
Throughout  this  paper  the  classification  as  given  by  the  European 
authors  has  been  maintained  as  far  as  advisable,  the  grouping  in  use 
in  this  country  not  having  been  influenced  by  the  recent  work  of  foreign 
authors. 

For  help  toward  the  completion  of  this  paper,  I  am  greatly  indebted 
to  the  following  men:  Dr.  J.  G.  Needham,  who  personally  directed  this 
work;  Mr.  F.  E.  Wintersteiner,  who  so  willingly  helped  in  the  identifica- 
tion of  the  adults;  Dr.  Adam  Boving  of  the  United  States  National 
Museum,  who  gave  valuable  suggestions  in  regard  to  the  larvae,  descrip- 
tions and  drawings;  and  Dr.  L.  O.  Howard,  who  kindly  placed  the 
specimens  of  the  United  States  National  Museum  at  my  disposal. 

A  set  of  the  material  upon  which  this  paper  is  based  is  deposited  in 
The  American  Museum  of  Natural  History. 

Historical 

The  Hydrophilidae  as  a  distinct  group  was  first  recognized  by  Latreille^ 
when,  in  1804,  he  applied  the  name  Sphaeridiota  to  this  family.  The 
earliest  data  found  concerning  the  biology  pertain  to  the  genera  Hydrous 
and  Hydrophilus.  This  was  presented  respectively  by  Frisch  in  1721 
and  Roesel  in  1749.  Until  the  middle  of  the  nineteenth  century  very 
little  was  added;  and  it  was  not  until  Schiodte's  Monograph  in  1861 
that  any  collected  work  of  note  appeared. 

The  Uttle  work  that  has  been  done  in  this  country  upon  the  natural 
history  of  this  group  of  beetles  consists  only  of  scattered  observations 
on  the  larger  sj)ecies.    Life  histories  of  American  forms  have  been  con- 

iLatretlle,  1804.  Hist.  Nat.  Crust.  Ins.,  X,  Ann.  XII.  p.  48. 

3 


Digitized  by 


Google 


4  Bulletin  American  Museum  of  Natural  History  [Vol.  XLII 

tributed  by  Garman,  Riley,  and  Matheson  on  Hydrous  triangularis; 
by  Wickham  on  Tropisternus  glaber;  by  Wickham  and  Bowditch  on 
Hydrocharis  obtu^atus;  and  by  Boving  on  Hydroscapha  natans. 

In  Europe  there  has  been  more  activity.  The  work  of  Schiodte, 
1861-1872,  stands  foremost  and  his  results  have  been  well  supplemented 
by  that  of  Balfour-Browne,  Megusar,  Miall,  Planet,  Duges,  Reitter, 
Ganglbauer,  and  d'Orchymont.  Schlick,  Wesenberg-Lund,  and  Boving 
in  Denmark  have  reared  much  important  material,  most  of  which  has, 
through  the  efforts  of  Dr.  Boving,  been  deposited  in  the  National 
Museum  at  Washington.  They  have,  however,  published  ver^*^  little  of 
their  results. 

The  most  valuable  papers  of  today  are  those  of  Ganglbauer  and 
d'OrchjTnont.  The  former's  paper  gives  a  lengthy  survey  of  the  family, 
based  on  the  life  histories  as  well  as  on  adult  structures.  The  latter's 
work  presents  new  life  histories  in  a  number  of  genera,  careful  descrip- 
tions and  figures,  a  discussion  of  the  larval  breathing  apparatus,  and  a 
generic  key  to  the  known  larvae.  Balfour-Browne  has  given  the  most 
complete  treatise  on  any  one  species.  He  treats  the  entire  life  history  of 
Hydrobius  fuscipes  from  egg  to  adult,  describing  each  stage  and  its 
biology  in  full  and  accompanies  the  whole  with  excellent  figures. 

It  seems  advisable  to  mention  only  the  most  important  authors  at 
this  point.  The  others  will  be  considered  under  the  biology  of  the 
separate  genera. 
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Table  of  known  life  histories  of  aquatic  Hydrophilidce 
(American  genera) 


1 

Country 

Name               i  Egg 

Larva 

Pupa 

1  Investigator 

Date 

Helopharus 

r 

1.  aquaticus  Linn.     1      * 

1 

* 

* 

Schi6dte 

1 

Denmark, 
1862 

2.  granulans  Linn.          * 

♦ 

* 

iSchiodte 

Denmark, 
1862 

3.  rufipes  Bosc. 

« 

Ferris 

France, 
1876 

4.  viridicoUis  Steph. 

Incomplete 

Zambeu 

France, 
1894 

5.  schmidii  Villa 

* 

jZambeu 

France, 
1894 

6.  micans  Fald. 

1 
1 

IGanglbauer 

Austria, 
1904 

7.  lacusiris  Lee.              * 

Author 

United  States, 
this  paper 

8.  sp.  ?                             * 

! 

Author 

United  States, 
this  paper 

Limnebiris 

1 

1.  truncaieUus            1 

Noted  but  not'd'Orchymont 

France, 

Thumbg.           1      * 

desc. 

1 

1915 

2.  discolor  Casey       i      * 

1  Author  (descr. 
1     in  part) 

United  States, 
this  paper 

Ochihebius      *              , 

1 

1.  pundaius  Steph. 

Haliday 

England, 
1856 

2.  syJbinteger  Muls.-  1 

. 

fMulsant-Rey 

France,  1861 

Rey,  subsp.  le- 

,^  Fauvel 

France,  1865 

jo/m  Muls.-Rey    ' 

i  d'Orchymont 

France,  1913 

3.  ^uadricoUis  Mul8.| 

^ 

Ray 

France,  1887 

4.  impressus  Marsh.  , 

Noted  but  not,  d'Orchymont 

France, 

desc. 

1 

1913 

5.  steinbuehleri  Reiitl 

id'Orchymont 

France, 
1913 

6.  tuberculatus  Lee.          * 

1 

Author 

1 

United  States, 
this  paper 

7.  sp.  ?                        '      * 

^ 

'Author 

1 
1 

United  States, 
this  paper 
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Table  of  known  life  histories  of  aquatic  Hydrophilidce 
(American  genera) 


1 

Country 

Name 

Egg 

Larva 

Pupa          Investigator 

Daie 

Hydrcena 

1 
1 

1.  pennsylvanica 

* 

* 

Author 

United  States, 

Kiesw. 

this  paper 

Hydroscapha 

1 

1.  natans  Lee. 

* 

♦ 

*            Boving 

United  States, 

1914 

Hydrochous 

1.  squamifer  Lee.       j      *      j        * 

Author 

United  States, 

this  paper 

Hydrophilus 

Roesel 

Germany, 

\ 

1749 

1.  carahoides  Linn.          * 

* 

* 

j  Lyonnet 

I 

France,  1832 
Denmark, 

1 
1 

ISchiodte 

1862 

2.  obtusatus  Say 

« 

* 

Bowditch 

Mass.,  1884 

* 

* 

* 

Wickham 

Iowa,  1895 

♦ 

* 

*            Author 

New  York, 

this  paper 

Tropisiemus 

1 

1.  lateralis  Fabr. 

iDugea 

Mexico, 

1884 

2.  <7/a6€r  Herbst 

* 

*             Wickham 

United  States, 
(Iowa),  1893 

* 

♦ 

*            Author 

United  States, 
this  paper 

Hydrous 

I.  piceus  Linn. 

* 

« 

*            'Miger 

1 

France, 
1809 

2.  a/emm W5  Eschsch 

* 

*                                ISchiodte 

Denmark, 

1 

1862 

3.  triangularis  Say 

♦      1        *        1                         |[Garman 

i                 1                         J          ' 

United  States, 

1881 

*             *                   *             ,Riley 

1 

United  States, 

1881 
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Table  of  known  life  histories  of  aquatic  Hydrophilidce 
{American  genera) 


Name 


Egg 


Larva  Pupa 


COUNIRY 

Investigator       ^^^^ 


Berosus 

1.  spinosus  Stev.             * 

* 

*            Schiddte 

Denmark, 
1862 

2.  signaiicoUis                 *              * 

[Schiodte 

Denmark, 

Charp. 

1872 

[  Brocher 

France,  1911 

3.  striatus  Say                 ♦ 

* 

Author 

United  States, 
this  paper 

4.  peregrinus  Herbst       * 

* 

Author 

United  States, 

' 

this  paper 

LaccMus                      '             ! 

l.sp.?                        ,             1        * 

d'Orchymont 

France, 
1913 

2.  agaia  Randall              * 

* 

* 

Author 

UnitedStates, 
this  paper 

Anatna 

1.  limbata  Fabr. 

* 

jd'Orchymont 

France, 

1 

1913 

2.  infuscata  Motsch.,      *              * 

Author 

UnitedStates, 
this  paper 

Paracymus 

1.  ceneus  Germ. 

2.  subcupreus  Say 


Incomplete 


Zambeu 
Author 


France, 
j     1894 
[UnitedStates, 
I     this  paper 


Hydrobius 
1.  fu8cipe8  Linn. 


2.  globosus  Say 


Cussac  iFrance,  1855 

Schiodte  Denmark, 

I  I     1862 

Incomplete      Balfour-Browne  England,  1910 
Author  UnitedStates, 

this  paper 


Chtdarthria 
1.  atra  Le  Conte 


Undescribed. 
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Table  of  known  life  histories  of  aquatic  Hydrophilidce 
{American  genera) 


Name 

Egg 

Larva 

Pupa 

Investigator 

Country 
Date 

Helochares 

1.  lividus  Forst. 

2.  maculicoUis  Muls. 

* 

* 
* 

Incomplete 

Cussac 
Schiodte 

Author 

France,  1852 
Denmark, 

1862 
UnitedStates, 

this  paper 

Cymbiodyta 

1.  fimbriata  Melsh. 

2.  hlanchardi  Horn 

* 
* 

* 

* 

Author 
Author 

UnitedStates, 
this  paper 

UnitedStates, 
this  paper 

Hetocombus 
1.  hifidus  Lee. 

Undescribed. 

PhUydrus 

1.  testaceus  Fabr. 

2.  perplexus  Lee. 

3.  nebulostis  Say 

4.  ochraceus  Melsh. 

5.  cindus  Say 

6.  hainiltoni  Horn 

* 
* 
* 
* 
♦ 
* 

* 

* 
* 

* 

* 
* 
* 

Schiodte 

Author 

Author 

Author 

Author 

Author 

Denmark, 

1862 
UnitedStates, 

this  paper 
UnitedStates, 

this  paper 
UnitedStates, 

this  paper 
UnitedStates, 

this  paper 
UnitedStates, 

this  paper 

Methods  of  Collecting 

The  majority  of  these  beetles  live  at  the  water's  edge  and,  if  the 
soil,  grass,  or  other  vegetation  is  stirred  rapidly  or  washed  briskly  with 
the  water,  the  Hydrophilids  will  soon  be  released  and  come  to  the  surface. 
They  can  then  be  easily  gathered  by  the  hand  or,  if  small  enough,  by  the 
forefinger.     They  do  not  become  submerged  immediately  as  do  the 
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Dytiscidse  but  swim  about  on  the  surface  until  they  regain  shore  or 
find  some  plant  to  aid  them  in  descending.  An  examination  of  the 
banks  adjacent  to  the  collecting  grounds  at  the  time  of  transformation 
will  offer  good  collecting  because  often  the  larval  skin,  pupal  skin,  and 
adult  may  be  procured  in  the  pupal  cell  at  one  time.  Some  of  the 
species  are  attracted  by  arc  lights  during  warm  nights  and,  in  fact,  it  is 
there  that  Hydrous  is  most  frequently  obtained. 


Methods  of  Rearing 

The  isolation,  according  to  species,  of  adults,  which  readily  lay  eggs 
in  captivity,  proved  the  best  method  of  acquainting  oneself  with  the 
immature  stages.  Newly  hatched  larvae  are  thus  easily  obtained.  The 
most  advisable  temporary  aquarium  for  such  work  seems  to  be  a  small 
stender  dish.  A  small  stone,  half  submerged  in  the  water  and  draped 
with  Cladophora  gave  excellent  conditions  for  egg  laying,  especially  for 
the  smaller  beetles  which,  as  a  rule,  lay  their  eggs  in  moist  places  and 
not  directly  in  the  water. 

For  larvae,  larger  containers  produce  better  results.  Moreoyer, 
they  should  be  arranged  as  aquaria-terraria,  for  many  of  the  adults  and 
larvae  spend  most  of  their  time  on  shore.  In  preparing  this,  it  is  best  to 
get  some  mud  from  the  bottom  or  edge  of  a  pool  and,  after  placing  it  in 
the  container  to  the  depth  of  about  an  inch,  slope  it  up  gradually  so 
that  it  forms  a  miniature  bank.  The  bank  end  should  be  normally  high 
enough  so  as  to  be  a  little  dry  on  the  surface.  Cladophora  and  money- 
wort make  the  best  plant  materials  because  of  their  cleanness  and  last- 
ing qualities.  As  a  rule,  the  container  should  be  filled  so  that  the  bank  is 
covered  and  then  placed  in  the  sun.  In  a  few  days,  the  time  depending 
on  the  conditions  in  the  pool  where  the  mud  was  obtained,  numerous 
entomostracans  destined  to  be  food  for  the  future  larvae  will  be  present. 
The  vegetation  is  then  added. 

The  larvae,  when  fully  grown,  seem  restless  and  try  to  crawl  out. 
If  the  time  for  transforming  has  arrived,  they  rapidly  burrow  down  and 
form  their  pupal  cells.  Some,  however,  pupate  on  the  surface  of  the 
terrarium,  evidently  not  liking  the  conditions  below.  Slightly  moist 
earth  seems  to  be  the  most  natural  substance  for  the  terrarium  and  an 
inch  or  so  depth  will  suffice.  If  not  too  deep,  they  will  often  make  their 
cell  next  to  the  glass  container,  where  it  is  favorable  for  observation. 
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II.— LIFE  HISTORY  AND  BIOLOGY 
General  Survey 
Without  doubt,  the  water-scavengers  are  the  most  abundant  of  our 
water  beetles.    In  this  respect  they  are  approached  only  by  the  Dytiscidse 
which  are  better  adapted  to  aquatic  life.    The  smaller  members  of  this 
group  are  very  numerous,  and  yet  are  often  overlooked. 

Their  most  common  habitat  is  within  the  confines  of  some  little 
pool  which,  as  the  seasons  progress,  becomes  filled  with  algae  and  other 
aquatic  vegetation.  Nevertheless,  all  the  species  may  be  taken  in 
rapidly  flowing  streams  but  usually  near  the  bank  in  debris,  moss,  etc., 
or  in  protected  bays,  where  the  water  flows  the  slowest.  One  isolated 
record  shows  the  capture  of  Cymbiodyta  fimbriata  beneath  some  falls  in 
a  bed  of  moss.  The  genera  which  are  best  adapted  for  living  at  some 
depth  and  under  harsher  conditions  than  the  others  are  Hydrous^  Tropi- 
sternus  and  Berosus, 

The  adult  is  chiefly  herbivorous.  It  feeds  mostly  on  the  lower  plant 
forms,  such  as  algae,  but  does  not  seem  to  be  restricted  to  this  diet. 
Decaying  vegetation  is  its  most  popular  food  and  it  feeds  readily  on 
dead  animal  tissue  (earthworms,  larvae,  etc.). 

It  is  an  air  breather,  though  much  of  its  time  is  spent  below  the 
water.  To  obtain  air^  the  beetle  comes  to  the  surface  and  extends  its 
pubescent  antennae  above  water.  They  are  then  folded  under  the  head 
and  the  air  which  has  gathered  on  the  antennae  is  passed  on  to  the  hairs 
of  the  prothorax.  Inspiration  takes  place  by  means  of  the  pro-meso- 
thoracic  spiracles  only.  The  air  passes  through  the  tracheae  and,  as 
fast  as  used,  is  expelled  through  the  other  seven  pairs  of  spiracles.  It 
then  spreads  over  the  ventral  side  of  the  abdomen,  where  it  is  held  as  a 
film  by  the  hydroscopic  hairs.  Thus  the  characteristic  air  film  is  formed. 
When  a  fresh  supply  is  needed,  the  used  air  is  passed  along  the  prothorax 
to  the  antennae  again  and  the  process  repeated.  Continual  contraction 
and  expansion  of  the  body  accompanies  this  breathing  process. 

Most  of  the  Hydrophilidae  hibernate  as  imagines.  It  would  be 
hard  to  tell  where  all  of  them  spend  their  winter  but  a  number  of  the 
species  have  been  found  in  the  bank  a  few  feet  from  the  water.  They  do 
not  burrow  down  very  deeply  but  remain  near  the  surface,  apparently 
in  readiness  to  enter  the  water  during  any  warm  spell.  An  examination 
of  the  beetles  which  were  taken  from  the  bank  or  in  early  spring  often 

^Brocher  in  his  excellent  paper  (1913)  carefully  explains  the  respir/ttion  of  HydrophUuR, 
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showed  their  bodies  to  be  covered  with  many  mites.  Species  of 
Podophrya  and  of  Epistylus  were  also  quit€  frequently  observed  upon 
them.  Their  lack  of  activity  evidently  allowed  these  harmless  epizoans 
to  gather  on  them;  after  a  few  days  in  the  aquarium,  they  were  lost. 

The  principal  egg-laying  months  are  May  and  August,  although 
the  egg-cases  of  some  species  may  be  found  during  the  entire  summer. 
The  eggs,  usually  placed  in  ** cocoons"  (better  called  egg-cases)  of  silken 
structure,  hatch  out  in  about  seven  days.  Many  eggs  are  laid  by  a  single 
individual,  thus  making  up  part  of  the  enormous  mortality  which  occurs 
among  the  young  larvae. 

The  silken  material  which  protects  the  eggs  is  secreted  by  the  female 
from  glands  located  in  the  caudal  end  of  the  body.  It  is  appUed  by  the 
two  spinnerets  in  a  manner  very  much  resembling  the  way  a  paint  brush 
is  used.  A  continuous  flow  of  silk  is  laid  down  at  each  turn.  According 
to  Miger,  there  are  in  Hydrous  three  secretions,  each  of  which  has  a 
different  use.  The  first  for  loose  spinning  is  used  for  covering  the 
individual  egg;  the  second  for  constructing  the  egg-case;  and  the 
third  to  form  the  mast  at  its  tip.  The  function  of  this  mast  is  a  problem, 
although  many  suggest  that  it  aerates  the  case.  Several  genera  place 
their  cases  or  single  eggs  below  water,  so  that  this  supposition  does  not 
appear  entirely  plausible. 

The  larvae,  when  first  appearing,  are  whitish  in  color,  except  for 
the  reddish  pigment  of  the  ocular  areas,  but  soon  the  chitinized  portions 
of  the  body  darken.  The  first  duty  of  the  aquatic  larvae  is  evidently  to 
get  what  is  called  an  **air  drink."  They  lift  their  heads  above  water 
and,  with  the  aid  of  a  pharyngeal  pump,  draw  air  into  their  alimentary 
canal.  Air  is  also  taken  into  the  tracheae  through  the  stigmatic  atrium 
which  rests  upon  the  surface  film.  By  thus  supplying  their  bodies  with 
air  the  larvae  become  buoyant.  Otherwise  they  would  be  heavier  than 
water  and  soon  sink,  dying  because  of  lack  of  oxygen. 

The  larvae  are  carnivorous  and  cannibalistic  as  well,  the  different 
genera  varying  in  their  greed.  The  young  larvae  feed  upon  small  organ- 
isms (entomostracans,^  TubifeXy  leeches,  etc.)  and  increase  the  size  of 
their  prey  as  they  themselves  increase  in  size. 

The  full-grown  larva  feeds  readily  on  pollywogs,  anneUds,  fish,  and, 
in  fact,  almost  anything  that  it  can  overcome  or  that  is  fed  to  it.  It 
lies  in  wait  for  its  prey  with  its  jaws  extended  widely  and,  as  a  rule,  is 
half  in  the  water  and  half  out,  the  caudal  end  being  out.    When  it  begins 

^Hdophoru*  was  obwarved  feeding  on  Simoctphalus.  Cypris,  Cypridopsiit,  Cyclops,  and  Canthocampug. 
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eating,  the  larva  lifts  its  head  out  of  the  water  and  manipulates  its  food 
by  means  of  the  mouth-parts.  The  labium  and  maxillae  are  used  as 
guides  and  to  hold  the  prey  while  the  mandibles  macerate  it.  The  legs 
play  no  part  in  the  handling  of  the  food.  Predigestion  occurs  and  the 
dissolved  food  is  then  drawn  into  the  mouth  by  the  suction  of  the 
pharynx.^  There  is  neither  lock  to  the  mouth  nor  tubes  in  the  mandibles 
such  as  are  found  in  the  dytiscid  larva.  This  method  of  feeding  refers 
only  to  the  aquatic  larvse  of  the  family  and  to  Helophorus,  I  have  not 
observed  the  feeding  of  the  other,  terrestrial  forms.  According  to 
d'Orchymont,  however,  predigestion  apparently  does  not  take  place  in 
them. 

There  are  usually  two  molts  occurring  during  the  larval  period, 
which  lasts  one  or  two  months.  Hydrobius^  evidently  proves  an  excep- 
tion to  the  rule,  as  its  larvae  are  found  nearly  full-grown  in  the  early 
spring  and  even  then  do  not  transform  immediately.  The  typically 
aquatic  larva  grows  very  rapidly  and  the  first  two  instars  take  only 
about  a  fortnight.  Most  of  its  life  is,  therefore,  spent  in  the  third  or  last 
instar. 

When  ready  to  pupate,  the  larvae  leave  the  water  and  burrow  in 
moist  earth,  often  under  stones  or  sticks,  where  they  mold  a  cell  slightly 
larger  than  the  pupa  to  be  formed.  In  the  prescribed  time  (3-7  days) 
the  pupal  skin  is  ruptured  and  the  adult  emerges  soon  after  but  usually 
remains  in  the  cell  until  fully  colored. 

Explanation  of  Terms  Used 

In  order  that  the  terms  that  are  used  in  the  technical  descriptions 
may  be  understood  by  the  reader,  a  brief  explanation  of  them  is  given 
here  and  illustrations  of  typical  structures  are  shown  in  Plate  I.  No 
work  has  yet  appeared  in  this  country  which  deals  with  the  difficult 
structures  of  a  campodeiform  larva  such  as  we  find  in  this  family. 
Hopkins'  paper  on  Dendroctonus  has  proved  very  useful,  but  the  struc- 
tures of  that  type  of  larva  have  not  been  compared  with  those  of  the 
hydrophilid  type.  I  have,  therefore,  used,  for  the  most  part,  the  terms 
employed  by  European  writers.  D'Orchymont  does  not  discuss  the 
various  terminologies,  except  in  regard  to  the  stigmatic  atrium.  How- 
ever, his  labeled  figures  of  the  mouth-parts  and  his  numerous  notes  aid 
materially  in  giving  one  a  clear  understanding  of  his  interpretation  of 


>  Method  described  by  Balfour-Browne,  1910. 

>MialI  reports  hibernation  in  larvae  of  H.  fuscipea  and  the  author  has  observed  it  in  H.  globosus. 
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the  various  structures.  Dr.  Boving,  who  has  studied  the  attachment  of 
muscles  in  larvse,  has  kindly  offered  valuable  suggestions  as  to  the  homol- 
ogies of  the  abdominal  folds. 

The  fully  developed  and  typical  hydrophilid  egg-case  consists  of 
the  egg-case  proper,  containing  the  eggs;  a  cap  covering  the  entrance 
to  the  latter  and  a  projection  continuous  with  the  cap,  which  may  be 
either  a  horny  mast,  tube,  or  filament.  In  giving  the  measurements  of 
the  case,  the  cap  has  always  been  considered  as  one  end  of  the  case. 

The  head  of  the  larva  may  be  incUned,  horizontal,  or  elevated, 
with  respect  to  the  axis  of  the  body,  depending  upon  the  shortening  or 
lengthening  of  its  upper  or  lower  side.  The  epicranial  suture,  which 
may  be  present  or  absent,  is  formed  by  the  union  of  the  frontal  sutures 
along  the  median  Une.  The  gula  is  the  sclerite  to  which  the  submentum 
is  attached.  The  epistoma  is  the  sclerite  just  behind  the  clypeus  and 
its  lateral  expansions  attain  the  front  Inargin  of  the  head  just  lateral 
to  the  labro-clypeus.  Schiodte  called  their  angular  projection  the  frontal 
angle.  The  upper  surface  of  the  mouth  region  on  the  under  side  of  the 
labrura  is  the  epipharynx;  and,  on  the  under  surface,  continuous  with 
the  mentum,  is  the  hypopharynx.  Ocular  area  is  the  term  used  for  each 
of  the  eye  spots  behind  the  antennae  because  ocellus  is  misleading  and 
must  be  restricted  to  the  adult.  The  antennal  appendage  is  a  finger- 
Uke  lobe  borne  by  the  second  segment  of  the  antenna,  and  there  may  be 
two  of  these  appendages.  The  lacina  mobilis  mandibuli  is  a  flat  unjointed 
lobe  which  the  posterior  piece  of  the  mandible  bears;  it  is  toothed 
apically.  The  molar  surface  of  the  mandible  is  the  grinding  inner  sur- 
face near  its  base.  The  parts  of  the  labium  and  maxillae  may  be  seen  in 
Plate  I,  figs.  1  and  5.  Palpifer  is  restricted  to  the  palpus-bearing  seg- 
ment of  the  maxilla,  while  palpiger  is  appUed  to  that  segment  of  the 
labium.  "Articulating  piece  of  maxilla"  refers  to  the  area  between  the 
cardo  and  the  labium  upon  which  the  maxilla  articulates. 

A  segment  of  the  larva  consists  of  a  tergum,  two  pleura,  and  a 
sternum.  The  folds  of  the  abdomen  are  very  confusing  and  need  further 
study.  I  have  considered  the  hypothetical  types  of  the  abdominal 
tergum  as  possessing  four  transverse  areas,  namely,  the  praescutum,  two 
scuta  and  a  scutellum.  The  praescutal  area  is  flat,  while  the  other  areas 
are  represented  by  transverse  folds.  Between  adjacent  segments  of  the 
abdomen,  there  is  a  prominent  region  which  is  called  the  "intersegmental 
membrane.''  This  may  possibly  be  the  post  scutellum,  but  it  has  not 
been  considered  as  such  in  this  paper.  The  number  of  folds  in  this  area 
is  two  at  the  most 
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The  spiracular  area,  which  bears  the  spiracle,  is  just  lateral  to  the 
tergum. 

The  pleural  region  is  composed  of  the  hypopleurite  and  the  epi- 
pleurite,  the  latter  above  the  former.  They  are  usually  fairly  distinct 
and  bear  lobes.  The  sternal  region  usually  consists  of  the  same  number 
of  folds  as  the  tergal  region  but  is  much  more  complex.  As  in  the  latter, 
there  are  corresponding  folds  known  as  the  praesternum,  sterna  (two 
folds)  and  sternellum. 

The  stigmatic  atrium,  or  caudal  breathing  apparatus,  offers  oppor- 
tunity for  controversy  as  to  the  segments  which  compose  it,  but  I  have 
considered  it  as  formed  by  the  modified  eighth  and  ninth  segmente. 
The  procercus  is  the  process  of  the  eighth  pleurite;  the  mesocercus,  or 
true  cercus,  is  always  an  appendage  of  the  ninth  segment;  the  acrocercus 
is  an  appendage  of  the  lateral  lobe  of  the  ninth  segment  and  arises  from 
its  ventral  side;  and  the  prostyle  ("flotteurs^^  of  Portier),  which  pre- 
cedes the  anus,  is  an  appendage  of  the  tenth  segment.  The  motory 
stylus  is  a  fleshy  process  of  the  pupa,  resembUng  a  seta.  It  may  or  may 
not  bear  a  terminal  seta  and  is  usually  annulate.  The  pterotheca  is  the 
pupal  covering  of  the  adult  wing. 

General  Characters  of  the  Family  (Immature  Stages) 

The  eggs  are  whitish  (brownish  in  Hydroscaphdjj  oval  in  shape,  and 
with  a  small  projection  at  the  anterior  end.  The  eggs,  varying  in 
number  from  one  to  one  hundred  and  forty  odd,  are  usually  enclosed  in  a 
silken  case^  but,  in  the  more  primitive  forms  {OchthehiuSj  LimnebiuSf 
and  Hydroscapfia),  the  eggs  are  deposited  singly,  without  any  covering 
or  with  one  of  loosely  applied  silk.  Cymbiodyta  and  Paracymua  lay  their 
eggs  in  masses  but  cover  them  only  sparsely  with  silk.  The  cases  are 
either  free  floating  {Hydrous,  Hydrophilics) ;  attached  to  water  plants  or 
d6bris  at  the  surface  of  the  water  {Tropisternus,  PhilydruSj  HydrohiuSy 
Laccobius,  Anccena) ;  below  water  (Berosiis) ;  embedded  in  mud,  moss, 
etc.  (Hydrobius,  Helophorus);  carried  on  the  under  side  of  the  body 
(Spercheus,  EptmetopuSj  HelochareSy  Chcetarthria  f) ;  or  placed  in  dung  or 
damp  earth.  The  egg-masses  of  Cymbiodyta  and  Paracymus  and  the 
single  eggs  of  the  more  primitive  species  are  deposited  under  fallen  leaves, 
vegetation  or  stones  near  the  edge  of  the  water. 


ostein,  1847,  who  found  silk  glands  in  many  genera,  suppoeed  that  all  eggs  were  covered  with  silk 
but  the  degree  of  covering  varies  greatly. 
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The  larva  is  campodeiform;  its  head  inclined  (more  primitive 
genera),  elevated  (more  specialized  genera),  or  nearly  horizontal  {Helo- 
phoruSf  Hydrochotts);  ocular  areas  in  groups  of  five  or  six,  distant  or 
aggregated,  reddish,  round  or  oval,  convex  or  flattened;  antennae  three- 
segmented,  rarely  four-segmented  (full-grown  larva  of  Hydrous  triangu- 
laris); epicranial  suture  present  or  absent;  points  of  insertion  of  an- 
tennae situated  nearer  or  farther  from  the  extemo-frontal  angles  than 
those  of  the  mandibles;  labrum  and  clypeus  well  developed  and  distinct 
(more  primitive  genera)  or  reduced  and  fused  (more  specialized  genera) ; 
mandibles  with  lacinia  mobilis  or  sharply  pointed  and  with  inner  teeth; 
maxiUa  palpiform  or  with  stipes  possessing  a  well-developed  inner  lobe; 
maxillary  palpi  three-segmented;  labial  palpi  two-segmented;  ligula 
present  or  absent;  gula  well  developed  and  attaining  the  occipital 
opening  or  reduced  and  not  attaining  the  occipital  opening;  labium 
and  maxillae  inserted  in  a  furrow  on  the  under  side  of  the  head  (more 
primitive  genera)  or  not  inserted  in  a  furrow  (more  specialized  genera) ; 
legs  segmented  and  with  claw-Uke  tarsi,  without  tarsi  (Sphcmdium) , 
or  legs  entirely  absent  (Cercyon). 

Abdomen  with  nine  well-developed  segments  and  a  reduced  tenth 
or  eight  well-developed  segments  and  reduced  ninth  and  tenth.  The 
body  is  usually  sUghtly  chitinized.  The  types  of  breathing  overlap  but 
there  is  a  marked  tendency  in  each  genus  towards  one  of  three  types: 
holopneustic,  apneustic,  or  metapneustic.  The  spiracles  (one  pair  of 
mesothoracic  and  eight  pairs  of  abdominal)  may  be  well  developed 
bifore  spiracles  (Helophorus),8Lnn\x\iioTm  spiracles  (Ochthebii^,  Limnebius, 
Hydrcena),  apparently  absent  (Hydroscapha)^  or  poorly  developed  bifore 
spiracles  (the  remaining  genera).  Cerci  absent  (Hydroscapha)  or 
present  as  three-segmented  or  two-segmented  appendages;  reduced  in 
the  higher  forms. 

The  pupa^  is  usually  white  in  color  except  the  eyes,  which  are  red- 
dish at  first  but  change  to  nearly  black  before  emergence.  However, 
Tropisiemus  lateralis  and  Hydrophilus  obtusatu^  are  greenish.  The 
anterior  and  posterior  ends  of  the  body  are  incurved  and  are  not  visible 
from  the  dorsal  side.  The  integument  is  smooth,  except  that  it  is  sparsely 
covered  with  styli.  The  supraorbital  setae  are  usually  present  but  there 
is  only  one  in  Hydrous  triangularis  and  none  in  Tropistemus  glaber. 
The  pronotal  styU  vary  in  number  and  size.    There  are  only  sixteen  in 


iThe  pupa  of  the  most  primitive  forms  has  not  been  described. 
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Helophorus  and  thirty-two  in  Hydrophilus.  The  number  seems  to  be 
constant  in  the  Hydrobiinse  as  all  specimens  examined  had  twenty-four 
styli.  Both  the  meso-  and  metathorax  have  a  dorsal  transverse  row  of 
two  setae.  The  wings  are  folded  down  over  the  ventral  side  of  the  body 
and  the  metathoracic  pterothecae  may  (terrestrial  species)  or  may  not 
(others)  be  visible  from  above.  The  first  to  seventh  abdominal  seg- 
ments each  possess,  dorsally,  a  transverse  row  of  four  to  six  styli.  The 
second  to  seventh  abdominal  pleurites  each  bear  a  stylus.  The  cerci 
are  present  and  well  developed. 
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General  Characters,  Life  History,  and  Biology 
OF  THE  Forms  Studied 

1.    HelophorinsB 

Egg-case  proper  continuous  with  a  distinctly  hollow  tube  at  the  cap  end.  Many 
eggs  enclosed.  Larva  with  the  head  nearly  horizontal,  slightly  elevated;  ocular 
areas  round,  convex,  and  in  groups  of  six,  closely  aggregated;  antennse  with  their 
points  of  insertion  nearer  the  externo-frontal  angles  than  those  of  the  mandibles; 
antennal  appendages  of  second  segment  two  in  number;  epicranial  suture  absent; 
labrum  and  clypeus  reduced;  mandibles  stout,  sharply  pointed,  and  with  distinct 
inner  teeth;  labiiun  and  maxilla  inserted  at  the  anterior  margin  of  the  under  side  of 
the  head;  maxilla  palpiform;  palpiger  slightly  dichotomous  at  the  distal  end;  gula 
reduced  and  distant  from  the  occipital  opening.  Abdomen  with  nine  complete  seg- 
ments, each  with  tuberclar  areas,  the  tenth  distinct  but  reduced;  cerci  three-seg- 
mented    Holopneustic  tjrpe  of  breathing  with  well-developed  bifore  spiracles. 

HBLOPHOBU8  Fabricius 

Often  taken  in  company  with  the  common  Ancwna  and  ParacymuSy 
these  three  genera  are  the  most  abundant  in  the  Cayuga  Lake  basin. 
Ail  representatives  of  this  genus  may  inhabit  the  same  pool  but  more 
frequently  the  different  species  seem  to  be  segregated.  It  is  difficult  to 
distinguish  the  various  species  in  the  field  but,  as  a  rule,  H.  lacustris 
may  be  known  by  its  usually  larger  size.  In  addition  to  it,  H,  linearis, 
H.  mridicoUis  (lineatus),  and  H,  granidariSj  named  in  the  order  of  their 
abundance,  are  found  here.  Very  little  work  has  been  done  in  this 
country  on  the  species.  They  are  very  close  to  each  other  in  structure. 
Distribution  is  limited,  the  representatives  occurring  only  in  the  pale- 
arctic,  nearctic,  and  Central  American  regions.  European  authors  have 
worked  extensively  on  the  life  histories  of  Helophorics  and  they  are 
listed  in  the  table  (page  5),  but  in  America  nothing  has  been  done. 
However,  H,  granxdariSy  which  Schiodte  described,  is  holarctic. 

Egg-cases  were  taken  out-doors  in  May  and  June.  The  cases 
were  formed  in  moss  or  alga  near  the  bank  with  only  the  tubular  filament 
exposed,  the  egg-case  proper  being  hidden  completely.  From  six  to  ten 
eggs  were  found  in  each  of  the  cases.  During  tlie  latter  part  of  May  sev- 
eral larvae  were  taken,  in  company  with  Ancwna  larvae,  from  the  under 
side  of  a  stick  at  the  water's  edge.  While  the  larvae  have  been  observed 
eating  entomostracans  and  various  other  animal  tissue,  it  is  worth  re- 
calling Perris*  note  that  H.  rugosus  was  observed  in  the  stalk  of  Brassica 
preying  on  a  Psylliodes  larva. 

17 
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Helophorus  lacustris  LeConte 

Plate  II 

Two  egg-cases  were  noted  deeply  embedded  in  moss  at  the  water- 
line  and  only  the  tubes  were  visible.  The  cases  proper  were  covered 
with  sand  and  mud  but  the  tubular  filaments  were  clean  and  white. 
Thirteen  larvae  were  obtained  from  these  cases  and  they  made  their 
escape  through  the  tubes.  A  preserved  case  shows  three  of  the  larvae 
in  the  tube  at  one  time,  one  behind  another.  Several  other  cases 
were  obtained  in  the  laboratory,  where  they  were  laid  in  some  alga  which 
had  been  pulled  out  of  the  water  and  placed  on  the  side  of  the  aquarium. 
A  part  of  the  alga  was  left  hanging  in  the  water  and  this  kept  the  re- 
mainder moist. 

Egg-case*  somewhat  flask-shaped.  Egg-case  proper  nearly  round,  measuring 
1.69  mm.  in  width;  tube,  0.94  mm.  wide  distally.  The  whole  4.84  mm.  long;  the 
opening  is  obliquely  across  the  end  of  the  tube  and  extends  1.076  mm.  down  the  side. 

Newly  Hatched  Larva. — Length,  2.55  mm.;  width,  0.403  mm.  Whitish 
except  chitinized  portions,  which  are  brownish  with  head  yellowish  in  part;  integu- 
ment more  chitinous  than  in  other  larvae  and  with  only  a  few  scattered  setae. 

Head  quadrangular,  only  slightly  elevated,  dorsal  side  one-half  the  ventral  in 
length,  posterior  margin  with  a  prominent  semicircular  emargination;  fronto- 
cl3T>eal  suture  weakly  indicated,  more  prominent  towards  the  middle;  frontal  sutures 
converging  gradually  and  joined  by  a  short  transverse  suture  contiguous  with  the 
posterior  margin  of  the  head;  epicranial  suture  absent;  gula  polygonal;  gular  sutures 
confluent;  cervical  sclerites  evidently  not  present. 

Labro-clypeus  triangular  (subcorneal).  Lateral  expansion  of  the  epistoma 
prominent,  similar,  rounded,  about  even  with  the  anterior  margin  of  the  labro- 
cljrpeus  and  each  bearing  seven,  stout,  recurved  spines;  epipharynx  spinous. 

Ocular  areas  in  groups  of  six  and  closely  aggregated;  roundish;  arranged  in  two 
rows  of  three  each  and  all  equidistant  from  each  other.  The  hind  row  set  slightly 
nearer  the  median  line  than  the  front  row. 

Antennae  short,  slightly  exceeding  the  mandibles;  first  segment  about  as  long  as 
the  second,  slightly  constricted  near  the  base;  second  segment  widened  towards  the 
tip,  obliquely  truncate,  possessing  distally  in  the  membrane  a  pair  of  two-segmented, 
lobiform  antennal  appendages  on  the  outer  side  in  addition  to  a  strong  seta  and  two 
strong  distal  setae  on  the  inner  side;  terminal  segment  cylindrical,  much  narrower 
than  the  other  segments  and  provided  with  several  apical  setae. 

Mandibles  symmetrical,  prominent,  sharply  pointed  at  their  tips  and  with  the 
inner  surface  of  the  anterior  piece  serrate;  two^  inner  teeth  on  each  mandible  about 
equal  in  size;  a  strong  medio-lateral  spine  present;  molar  areas  smooth. 


iThe  egg-case  of  //.  aquaticus  figured  by  Schiddte  differs  greatly  from  our  generic  type  and  I  doubt 
his  accuracy. 

*H.  grantUaris  has  only  a  single  inner  tooth. 
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Maxilke  with  palpifer  not  joint-like;  stipes  fairly  large,  swollen,  not  notice- 
ably narrowed  towards  the  apex,  only  a  little  longer  than  the  palpifer,  its  inner 
surface  provided  with  a  row  of  five  stout  setae,  another  just  inside  the  most  distal 
one  and  two  slender  setae  near  the  externo-distal  angle;  palpifer  fairly  large,  a  little 
longer  than  wide,  bearing  an  inner  stout  lateral  seta;  a  slender  seta  in  the  externo- 
distal  angle  and  a  slender  cylindrical  appendage  in  the  interno-distal  angle,  exceeding 
the  first  segment  of  the  palpus,  with  sense-cones  and  a  seta' at  its  tip  as  well  as  those 
nears  its  base;  palpus  cylindrical,  tapering  slightly  with  sense-cones  at  the  distal  end; 
the  second  segment  slightly  longer  than  the  other  two. 

Labium  not  exceeding  the  mandibles,  but  prominent  and  just  attaining  the  distal 
end  of  the  palpifer;  submentum  small;  mentum  not  exceeding  the  tooth  of  the  labro- 
cl>'peus,  cylindrical,  a  Uttle  longer  than  wide,  and  slightly  swollen  distally;  palpiger 
equal  to  the  mentum  in  length,  its  sides  diverging  and  forked  distally;  the  palpi, 
borne  by  the  two  forks,  cylindrical  and  tapering;  the  second  segment  about  twice  as 
long  as  the  first  and  with  sense-cones  at  the  tip;  ligula  absent. 

Prothorax  with  angles  obtuse;  well  indicated,  only  a  Uttle  wider  than  the  head, 
sides  parallel;  anterior  and  posterior  of  pronotum  non-chitinized;  sagittal  line 
present;  prostemum  chitinized  in  front  and  lateral  to  the  coxae.  Mesothorax  and 
metathofax  equal  to  each  other  in  length  but  shorter  than  the  prothorax  and  becoming 
very  slightly  narrower  than  the  latter  caudally.  The  nota  are  entirely  chitinized  and 
each  bears  a  transverse  row  of  four  prominent  setse.  The  sagittal  line,  which  continues 
throughout  the  eighth  abdominal  segment,  prominent.  A  pair  of  bifore  spiracles  on 
the  mesothorax. 

Legs  fairly  long,  slightly  longer  than  the  thorax  is  wide;  coxse  transverse,  grooved 
laterally  to  receive  the  femora;  femora  a  little  longer  than  the  tibiae;  tarsi  claw-like, 
about  as  long  as  the  latter  and  with  no  inner  setae;  the  anterior  coxae  are  closer 
together  than  the  four  posterior  coxae,  which  are  about  the  same  distance  apart. 

Abdomen  with  nine  distinct  segments,  very  slightly  narrowed  caudally.  Anal 
segment  projecting,  short  and  cylindrical;  the  first  seven  abdominal  tergites  similar 
and  resemble  the  meso-  and  metanota  in  the  arrangement  of  the  setae  and  their 
chitinization.  Dorsally  a  row  of  four  setae  on  each  segment,  each  seta  emerging  from 
a  broad,  rough  tubercled  area,  which  is  chitinized  and  separated  from  the  others  by  a 
longitudinal  furrow  or  sutiu-e.  Laterally  two  similar  chitinized  tubercled  areas,  the 
posterior  one  larger  and  with  a  seta  (both  probably  correspond  with  the  epipleurite) : 
hypopleurite  similar,  one-lobed  and  with  a  seta.  The  sagittal  suture  very  distinct  as 
Well  as  the  longitudinal  furrows.  Ninth  segment  narrower  than  the  eighth  and  nearly 
twice  as  long  with  a  prominent  lateral  seta  on  each  side,  corresponding  to  the  seta  of 
the  lateral  tubercled  areas  just  mentioned;  only  the  tergite  is  chitinized.  Arising 
from  the  posterior  margin  are  two  divergent,  three-segmented,  cylindrical,  tapering 
cerci.  The,  first  segment  bears  a  ventral  and  dorsal  seta,  the  second  a  terminal  seta 
just  below  the  origin  of  the  third  segment,  which  has  a  terminal  seta  as  long  as  the 
three  segments  together.  The  three  segments  bear  the  relation  of  16,  12,  and  18  to 
each  other  in  length.  Each  spiraoJe^  is  just  below  and  in  front  of  the  outer  dorsal 
tubercled  area.  First  eight  stemites  with  a  transverse  row  of  four  tubercles,  each 
bearing  a  seta  which  has  a  small,  chitinous  plate  at  its  base,  and  a  small  seta  each 
side  of  the  median  line  near  the  anterior  margin.    Three  transverse  folds  are  present 

^Compared  with  the  other  Hydrophilidjo.whieh  possess  them.the  bifore  spiracles  are  well  developed . 
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ventrally,  the  first  ovo-oblong,  the  second  somewhat  rectangular,  and  the  third  tri- 
partite with  the  middle  bilobed,  each  lobe  with  a  seta,  the  lateral  parts  triangular 
and  with  a  seta. 

Helophorus  aquaticus  Linnseus 

The  identical  life  history  material  of  this  European  species  used  by 
Schiodte  in  his  work  on  this  genus  is  located  in  the  collection  of  the 
United  States  National  Museum  but  is  in  poor  condition.  An  examina- 
tion of  the  full-grown  larva  shows  that  the  sclerites  in  front  of  the  pro- 
coxae  are  not  so  prominent  as  in  the  younger  larvse.  The  abdomen  is 
only  slightly  more  strongly  chitinized  than  in  the  first  stage  larva  and 
the  intersegmental  membranes  are  present  but  not  prominent.  The 
setae  are  lost  in  the  specimen  examined  but  this  may  be  due  to  its  poor 
condition.    The  following  pupal  description  may  well  be  incorporated. 

Pupa. — Length,  8.5  mm.;  width,  2.00  mm.  at  its  thorax.  Whitish  (specimen 
browned  with  age).  Head  smooth  and  bears  two  supraorbital  styli  on  each  side. 
Pronotum  smooth,  its  anterior  margin  somewhat  irilobed  and  its  posterior  margin 
with  a  large  m^ian  lobe.  Tbe  styli*  arc  arranged  as  follows:  ten  on  the  lateral  and 
anterior  margins,  two  of  which  are  on  the  middle  lobe;  six  on  the  posterior  margin, 
counting  the  two  comer  ones;  no  styli  are  to  be  seen  m  the  central  area  of  the  pro- 
notum but  may  have  been  destroyed.  (Schi5dte*s  figure  gives  none.)  Mesonotum 
and  metanotum  with  a  transverse  row  of  two  setae.  Inner  spur  of  metatibia  fairly 
prominent.  All  tarsi  probably  ending  in  a  spine  but  not  very  clear  and  tibise  not 
noticeably  spinous  on  the  outer  side.  Metathoracic  pterothecae  conspicuous  from 
above.  First  to  seventh  abdominal  tergites  with  a  transverse  row  of  four  styli. 
Second  to  seventh  pleurites  each  with  a  stylus,  all  arising  from  small  conical  tubercles; 
eighth  tergite  somewhat  semicircular,  the  rounded  posterior  border  bearing  two  styli; 
one  lateral  stylus  noted  on  each  side  below  the  eighth  tergite;  ninth  segment  with  a 
pair  of  short,  conical,  fleshy  cerci  about  the  same  length  as  the  ninth  tergite.  They 
diverge  only  slightly  and  their  sharp  tips  point  inwardly. 

2.   LimnebiinsB 

Eggs  laid  singly  with  a  slight  covering  of  loosely  applied  silk.  Larva  with  head 
inclined;  antennae  with  points  of  insertion  situated  nearer  the  extemo-frontal  angles 
than  those  of  the  mandibles;  epicranial  suture  present;  ocular  areas  round,  couvfex 
and  in  groups  of  five,  not  closely  aggregated;  labrum  and  clypeus  both  well  developed; 
mandibles  each  with  a  lacinia  mobilis;  maxilla  primitive  with  an  inner  lobe;  labium 
with  short  palpi;  fleshy  ligula  present;  labium  and  maxillae  inserted  in  a  furrow  on  the 
under  side  of  the  head;  gula  well  developed  and  attaining  the  occipital  opening. 
Nine  complete  abdominal  segments  each  with  a  ventral  and  dorsal  plate,  and  a  distinct 
but  reduced  tenth  or  anal  segment.  Cerci  two-segmented.  Holopneustic  type  with 
annuliform  spiracles. 

>The  basal  part  of  the  stylus  is  short  and  the  terminal  seta  long. 
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LzMNSBZiTs  Leach 

D'Orchymont  gave  the  first  description  of  the  larva  of  Limnehius, 
The  eggs  and  pupa  have  not  been  described. 

Limnebius  discolor  Casey 

Three  specimens  were  taken  the  latter  part  of  June  near  the  bank 
of  an  alga-filled  pool.  The  species  is  rare  and  has  not  been  previously 
reported  from  Cayuga  Lake  basin.  It  is  difficult  to  recognize  in  the 
*  field  on  account  of  its  small  size,  but  closer  examination  shows  clearly 
its  resemblance  to  the  Hydrobiinae  type,  with  which  it  was  formerly 
classed. 

The  eggs  were  laid  on  July  1  by  captured  specimens  and  one  egg 
hatched  on  July  8.  As  this  was  the  only  larva  obtained,  it  is  considered 
inadvisable  to  give  a  description  of  it.  However,  the  larva  very  closely 
resembles  L.  truncatellits,  which  d'Orchymont  carefully  described. 

3.     HydraBnina 

Eggs  laid  singly.    In  Ochthcbius  with  or  without  a  slight  covering  of  looseh 
applied  silk  but  in  Hi/drcma  covered  with  a  blanket  of  closely  span  silk. 
Larva  as  with  Limnebiinae. 

OcBTHiBnTS  Leach 

Ochthebins  offers  many  interesting  structures.  0.  tvbercylatus  is 
particularly  unique  and  cannot  be  mistaken  for  any  of  the  other  species. 
Besides  0.  titberculatus,  0,  holmbergi  and  several  other  undetermined 
members  occur  in  the  Cayuga  Lake  basin. 

All  of  them  are,  in  general,  quite  rare.  However,  when  once  located, 
many  are  usually  collected  in  a  very  small  area  and  one  collecting  ground 
kept  me  well  suppUed  from,  late  April  until  winter  set  in.  The  soil  in 
this  spot  was  especially  sandy.  Upon  washing  the  sand  with  water  and 
pulling  up  and  washing  the  roots  of  the  vegetation  which  grew  there, 
many  specimens  were  soon  observed  floating  on  the  surface  of  the  water 
or  clinging  to  floating  debris. 

Haliday,  1855-6,  was  the  first  to  figure  a  larva  of  this  genus,  namely, 
0.  puncUUus.  The  latest  and  best  study  is  that  of  d^Orchymont.  He 
worked  out  in  detail  the  larva  of  0.  lejolisiy  already  described  by  Mulsant 
and  Rey,  1861,  and  worked  over  by  Fauvel,  1865.  D'Orchymont  also 
dealt  with  steinbuhleri  and  impressus.  Rey,  1887,  added  0.  quadri- 
coUis  to  the  list  of  known  larvse. 
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Single  eggs  were  deposited  on  the  stones  or  algse  in  an  aquarium, 
out  of  water  but  in  moist  places.  They  were  either  entirely  naked  or,  at 
times,  covered  rather  uniformly  with  loosely  applied  silk.  The  silk 
was  more  compact,  however,  than  in  the  scattered  silk  of  the  Cym- 
hiodyta  egg-masses  but  not  as  closely  applied  as  m  the  complete  egg-cases. 
The  eggs  were  most  frequent  during  May  but  some|  were  laid  the  first 
part  of  July.    From  seven  to  ten  days  were  required  for  incubation. 

The  larvae  are  very  different  from  those  of  the  Hydrobiinae  and  even 
from  those  of  the  Helophorinaj  but  are  closely  allied  to  the  Limnebiina. 
On  land,  they  move  very  rapidly  and  almost  seem  to  run.  They  are 
very  clumsy  in  water  and  doubtless  spend  their  life  on  land  but  in  moist 
situations.  According  to  d'Orchymont,  p.  190,  the  life  of  the  larva 
probably  lasts  only  two  or  three  months.  Adults  of  0.  impressus, 
which  he  captured  the  first  of  August  in  order  to  restock  his  aquaria, 
were  not  fully  colored,  thereby  indicating  their  recent  emergence. 


Ochthebius  tuberculatus  LeCont€  {foveicollis  LeConte) 
Plate  III 

At  times  the  collecting  of  this  species  proved  so  easy  that  they 
could  be  picked  up  almost  indefinitely,  the  collector  stopping  only  to 
wash  them  out.  In  the  middle  of  September  1916  many  were  found  in 
gravelly  places  which  were  practically  devoid  of  vegetation.  One  can 
easily  recognize  them  in  the  water  because  of  their  somewhat  heart- 
shaped  abdomen,  which  often  sinks  lower  than  the  rest  of  the  body. 

Egg. — Length,  0.538  mm.;  width,  0.215  mm.  Naked  or  covered  with 
loosely  applied  silk  which  is  placed  regularly  so  that  the  whole  is  uniform  in  shape. 

Newly  HATCHhD  Larva. — Length,  1.345  mm.;  width,  0.242  mm.  Whitish, 
ex(^ept  the  chitinized  portions  which  soon  become  brown.  Integument  wrich  many 
inconspicuous  setulae  as  well  as  regularly  arranged  sette,  which  are  fairly  long,  rigid, 
and  brownish. 

Head  well  rounded,  globular;  fronto-clypeal  sutiu-e  fairly  well  indicated;  frontal 
sutures  converging,  uniting  behind  the  middle  of  the  head  to  form  the  epicram'al 
suture,  the  whole  presenting    a  Y-shaped  appearance;  frons  somewhat  triangular. 

Gula  fairly  small,  constricted  laterally,  the  anterior  and  posterior  angles  produced 
into  arms;  cervical  scleiites,  if  present,  not  noticeable.  Epistoma  apparently  marked 
off  from  the  frons  by  an  irregular  group  of  minute  tubercles. 

Clypeus  fairly  distinct,  transverse,  slightly  arched,  wider  than  the  labrum  and 
with  a  transverse  row  of  six  setie,  the  median  two  widely  seoarated  but  the  others 
equidistant,  near  the  anterior  margin 

Labrum  somewhat  semieircillar  with  four  lateral  setae  on  each  side,  the  anterior 
one  bifurcate,  short,  and  blunt;  a  stout  seta  in  front  of  the  latter;  two,  small, 
adjacent  tubercles  just  inside  the  anterior  margin  and  two  others  in  a  horizontal  row 
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through  middle  but  widely  separated;  two  setiB  just  posterior  and  outside  the  former 
tubercles  and  two  others  posterior  but  inside  the  latter  tubercles,  both  in  a  horizontal 
row.  The  lateral  expansions  of  the  epistoma  not  prominent.  Epipharynx  apparently 
not  spinous. 

Ocular  areas  round,  five  on  each  side,  not  aggregated;  the  first  and  second  not 
seen  from  above,  fairly  close  together  and  placed  one  back  of  the  other  just  behind 
the  insertion  of  the  mandible  at  the  side;  the  third  and  fourth  about  the  same  distance 
apart  as  the  first  two  and  located  just  posterior  to  the  insertion  of  the  antenna,  the 
fourth  more  dorsal  and  posterior;  the  fifth  widely  separated  from  the  fourth,  more 
lateral  and  posterior. 

Antennae  three-segmented,^  fairly  long,  exceeding  the  mandibles;  first  segment 
more  than  twice  as  wide  as  long  and  less  than  one-third  the  second  segment  in  length; 
latter  about  the  same  width,  slightly  constricted  in  the  middle  and  with  an  outer 
swelling  just  proximal  to  the  middle,  bearing  a  small,  blunt  spine;  distal  end  with  four 
long  set©;  third  segment  slightly  constricted  and  distally  with  several  prominent  Setae. 

Mandibles  approximately  synmaetrical  with  broad  bases,  their  tips  with  several 
finger-like  processes,  the  arrangement  on  two  mandibles  differing  somewhat;  lacinia 
mobUis  present,  pectinate  distally;  molar  area  with  numerous  spinules  and  two 
inner  teeth  in  front  of  it. 

Maxills  with  palpifer  joint-like  and  seeming  to  form  the  first  segment  of  the 
palpus;  a  large  internal  lobe  present,  which  clasps  the  stipes  on  the  ventral  side  and 
shows  a  tendency  to  be  divided  distally  into  two  lobes;  the  outer  lobe  tapers  to  a 
sharp  point  while  the  inner  lobe  is  shorter,  blunter,  and  fringed  with  a  row  of  stout 
setaB  distally  as  well  as  with  sevei:jil  slender  set®  nearer  its  base;  cardo  noticeable 
and  as  broad  as  the  stipes  at  its  union;  stipes  wider  and  longer  than  the  palpifer  and 
with  two  lateral  setae;  palpifer  about  as  wide  as  long;  palpus  tapering;  second  seg- 
ment slender  and  only  slightly  longer  than  the  first;  terminal  segment  very  small 
and  somewhat  flask-shaped. 

Labium  with  palpi  barely  exceeding  the  labrum,  short;  submentum,  reduced, 
transverse,  indistinct;  mentum  broad  but  longer  than  wide,  slightly  constricted; 
palpiger  transverse,  slightly  forked;  palpus  short,  two-segmented,  articulating 
membranes  well  developed;  second  segment  narrower,  shorter  than  the  first,  its 
margin  flared  distally  and  with  apical  setae  and  papillae;  ligula  present,  barely  ex- 
ceeding the  first  segment  of  the  palpus,  rounded  and  furnished  with  papillaj  (very 
similar  to  lAmnebiua). 

Prothorax  with  sides  and  angles  rounded,  of  the  same  width  as  the  head.  Pro- 
scutum  well  developed  and  entirely  chitinized,  sagittal  line  present;  anterior  and 
posterior  margins  with  a  transverse  row  of  setae;  a  median  transverse  row  of  setae 
and  several  lateral  setae. 

Mesothorax  a  httle  shorter  than  the  latter,  slightly  narrowed  in  front.  Meso- 
scutum  well  developed  and  entirely  chitinized,  less  conspicuously  in  front;  sagittal 
line  present;  a  transverse  row  of  setae  just  in  front  of  the  middle  and  at  the  posterior 
margin;  several  lateral  setae.    Metathorax  the  same.  Sterna  not  noticeably  chitinized. 

Legs  fairly  long,  about  as  long  as  the  thorax  is  wide;  coxa?  transverse  with  a 
dorsal  groove;  femora  about  the  same  length  as  the  tibiae  but  a  httle  stouter;  tarsi 
slightly  more  than  one-third  the  latter,  claw-like  and  with  no  inner  setae. 

lAriicuIatins  membrane  at  base  very  prominent  but  non-chitinized. 
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Abdomen  with  ten  distinct  segments  and  narrowed  caudally.  The  first  eight 
tergites  similar  and  each  covered  by  a  dorsal  plate,  the  posterior  angles  and  margin 
of  which  are  rounded;  a  transverse  row  of  setae  at  the  posterior  margin  and  a  fairly 
prominent  seta  at  each  side.  Eight  pairs  of  small  round  spiracles  present  and  each 
situated  in  the  spiracular  area  just  inside  and  anterior  of  the  lateral  seta*.  Pleural 
groove  distinct.  Each  segment  with  a  ventral  plate  less  chitinized  towards  the 
anterior  and  with  setae  arranged  as  on  the  dorsal  plate.  Ninth  segment  similar  to  the 
preceding  ones,  except  that  it  is  slightly  longer  and  the  irregular  row  of  setae  are 
absent  at  the  posterior  margin,  inside  the  insertion  of  the  cerci.  A  pair  of  two-seg- 
mented, divergent  cerci  arise  from  the  posterior  margin  of  the  ninth  tergite,  their 
points  of  insertion  almost  contiguous.  First  segment  of  cercus,  longer  than  the  anal 
or  tenth  segment,  chitinized,  constricted  slightly  in  the  middle  and  with  several  long 
distal  setae  besides  other  shorter  ones;  second  segment  slender  but  not  tapering; 
less  than  one-half  the  first  segment  in  length  and  bearing  a  single,  long,  terminal  seta. 

Anal  segment  cylindrical,  longer  than  wide,  banded  with  chitin,  the  tip  membra- 
nous, a  row  of  short  setae  around  the  caudal  border  of  the  band  and  a  terminal  pair  of 
stout,  recurved  hooks  directed  downward. 

Htdbama  Kugel 

Only  one  species,  H,  pernisylvanica^  is  found  in  the  vicinity  of 
Cayuga  Lake.  One  cannot  fail  to  recognize  the  members  of  this  genus 
because  of  their  long,  slender  maxillary  palpi  and  almost  invariably 
hexagonal  pronotum. 

Hydranft  pennsylvanica  Kieswetter 
Plate  IV 

The  life  history  of  this  minute  water  scavenger  has  never  been 
described.  The  small,  elongate  beetles  are  often  overlooked  unless  one 
collects  especially  for  them.  They  are  found  either  in  flowing  or  stand- 
ing water  and  occur  most  frequently  where  the  shore  is  muddy  or 
gravelly.  Specimens  were  collected  throughout  the  spring  and  summer 
at  the  same  special  collecting  grounds  but  they  proved  to  be  most 
numerous  in  April  and  May.  Once  located,  the  same  spot  will  yield 
specimens  for  the  rest  of  the  season.  The  stock  pool  for  1915  was  one 
of  the  railroad  pools,  east  of  the  tracks  of  the  Lehigh  Valley  Railroad, 
Auburn  Division,  and  south  of  Fall  Creek,  where  on  April  14  over 
forty  were  taken  by  washing  out  the  mud  at  the  shore-line.  During 
late  August  many  of  the  beetles  were  observed  crawling  over  stones  and 
pebbles  where  the  water  lapped  the  shore  of  Cayuga  Lake  near  the 
mouth  of  Taughannock  Creek.  Their  most  common  associates  are 
Paracymus  subcuprenSy  Ochthebius  tvberculatus,  Hydrochous  squamiferj 
and  Cerqjon  ocellatus. 
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As  with  Ochthebius,  only  one  egg  is  deposited  at  a  time.  Eggs 
were  laid  in  an  aquarium  during  the  middle  and  latter  part  of  April.^ 
They  were  placed  on  a  leaf  which  rested  on  a  stone,  some  in  the  water 
and  some  out  but  always  in  a  damp  situation.  Each  egg  was  kept  in 
position  by  a  blanket-like  covering  of  closely  applied  silk  which  exceeded 
the  egg  on  all  sides  and  showed  its  form.  The  eggs  hatch  in  six  to  eight 
days,  emerging  through  a  narrow,  longitudinal  sUt  in  the  upper  side  of 
the  egg-case.  The  larvae  are  very  rapid  walkers  and  closely  resemble 
those  of  Ochthehius,  almost  seeming  to  glide  over  the  surface  of  the  stones 
when  stimulated.  They  are  clearly  non-aquatic  in  their  movements, 
becoming  quite  helpless  when  below  the  surface  film. 

Egg. — Length,  0.591  mm. ;  width,  0.242  mm.  The  flare-like  margin  exceeds  the 
egg  itself  about  0.09415  mm.  all  around  and  is  entire,  being  only  slightly  irregular. 

Newly  Hatched  Larva. — Length,  1.29  nmi.;  width,  0.242  nmi.  Whitish 
except  chitinized  regions  which  soon  become  brown;  integument  with  many  incon- 
spicuous setulse  as  well  as  regularly  arranged  sets  which  are  fairly  long,  stiff  and 
brownish. 

Head  strongly  rounded,  globular;  fronto-clypeal  suture  weakly  indicated,  except 
at  the  sides;  frontal  sutures,  converging,  imite  behind  the  middle  of  the  head  to 
form  the  epicranial  suture,  the  whole  presenting  a  Y-shaped  appearance;  gula  small, 
constricted  laterally,  and  its  posterior  angles  extend  to  form  long,  lateral  arms; 
cervical  sclerites,  if  present,  not  noticeable. 

Clypeus  fairly  distinct,  transverse,  slightly  arched,  wider  than  the  labrum  and 
with  a  transverse  row  of  six  equidistant  setje  on  the  posterior  half. 

Labrum  somewhat  semicircular  with  four  setae  on  each  side,  the  anterior  one 
prominently  branched  (almost  pectinate)  while  the  third  pair  are  strongly  bent  in- 
ward and  tapering;  anterior  margin  slightly  emarginate  with  a  short,  finger-like 
appendage  on  each  side,  with  a  seta  just  behind  but  a  little  lateral;  four  other  set^e 
on  the  upper  side  of  the  labrum;  two  near  the  middle  and  two  on  the  posterior  half 
but  more  widely  separated.   The  lateral  expansions  of  the  epistoma  are  not  prominent. 

Epipharynx  apparently  not  spinous. 

Ocular  areas  round,  five  on  each  side,  not  aggregated;  the  first  and  second  close 
together  and  placed  one  above  the  other  just  behind  the  gena^  and  below  the  base  of 
the  antenna;  the  third  and  fourth  closely  approximated,  widely  separated  from  the 
latter,  and  more  dorsal;  the  fifth  near  the  lateral  margin  of  the  head  and  distant 
from  the  fifth. 

Antennse  fairly  long,  barely  exceeding  the  mandibles;  first  segment  about  as 
wide  as  long  and  two-fifths  the  second  segment  in  length;  latter  more  slender  with 
two  swellings  on  the  inner  side,  one  at  the  middle,  bearing  a  long  seta  and  one  near 
the  distal  end  bearing  a  finger-like  appendage  besides  a  long  seta;  two  seta  just  below 
the  extemo-frontal  angle;  third  segment  slender,  longer  than  the  finger-like  appen- 
dage and  more  than  one-half  as  long  as  the  second  with  a  seta  arising  from  an  inner 
tubercle  near  the  middle  and  several  terminal  setae  mounted  on  tubercles. 


>Many  adults  were  taken  in  eopulo  out  of  doors  at  this  season. 

The  Bclerite  called  the  gena  may  open  some  question  but  it  evidently  corresponds  in  position  to  it. 
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Mandibles  approximately  symmetrical  with  broad  bases,  their  tips  with  several 
finger-like  processes;  lacinia  mobilis  broad  and  toothed  distally;  two  small  inner 
teeth;  molar  area  oval  with  its  surface  covered  with  numerous  spinules  and  four 
small  teeth  in  front  of  them. 

Maxillse  with  palpifer  joinMikc  and  seeming  to  form  the  first  segment  of  the 
palpus;  a  large  terminal  lobe  present,  which  clasps  the  stipes  on  the  ventral  side  and 
is  divided  distally  into  two  lobas  fringed  with  set«e;  the  inner  lobe  with  a  row  of  setse 
on  its  inner  margin;  stipes  slightly  wider  and  longer  than  the  palpifer,  which  bears 
four  inner  setfip;  palpus  tapering  and  with  the  second  segment  slender  and  longer 
than  the  first;  terminal  segment  very  small  and  somewhat  flask-shaped. 

Labium  with  palpi  barely  exceeding  the  labrum,  short;  submentum  reduced, 
transverse;  mentum  broad,  cordiform;  palpiger  transverse,  indistinct;  palpus  short, 
coverging,  distally  provided  with  setae  and  expanded  with  a  flare-like  margin;  articu- 
lating membranes  well  developed;  ligula  slightly  exceeding  the  first  segment  of  the 
palpus,  bowl-shaped  and  with  large  rounded  papilke  at  its  tip. 

Prothorax  with  sides  and  angles  rounded,  of  the  same  width  as  the  head.  Pro- 
scutum  well  developed  and  entirely  chitinized;  sagittal  line  present;  anterior  and 
posterior  margins  with  a  transverse  row  of  setaj;  a  median  transverse  row  of  setae 
and  a  prominent  lateral  seta  on  each  side  near  the  middle.  Mesothorax  slightly 
narrower  but  the  same  length  as  the  prothorax.  Mesoscutum  well  developed  and 
entirely  chitinized;  sagittal  line  present;  the  posterior  margin  with  a  transverse  row 
of  setae,  a  transverse  row  on  its  anterior  half  and  a  medio-lateral  seta  on  each  side. 
The  metathorax  the  same  except  that  it  is  a  little  narrower.  Sterna  not  noticeably 
chitinized. 

Legs  long,  about  one-half  longer  than  the  thorax  is  wide;  coxae  transverse  with  a 
slight  dorsal  groove;  femora  a  little  shorter  than  the  tibiae;  tarsi  claw-like,  more 
than  one-fourth  the  latter  in  length,  with  no  inner  setae  but  each  with  two  incon- 
spicuous outer  ones. 

Abdomen  with  ten  distinct  segments  and  narrowed  caudally.  The  first  eight 
.  tergites  similar  and  each  covered  by  a  dorsal  plate,^  the  anterior  margin  of  which  is 
straight  while  the  posterior  is  rounded;  a  transverse  row  of  six  setae  at  each  posterior 
margin  and  a  prominent  lateral  seta  on  each  side  arising  from  a  small  tubercle. 
Spiracles  situated  just  inside  and  anterior  of  the  lateral  seta.  Pleural  groove  distinct. 
lOach  segment  with  a  ventral  plate^  less  chitinized  anteriorly  and  possessing  a  trans- 
verse row  of  six  setae  near  the  posterior  margin  besides  several  others  just  anterior. 
Ninth  segment  similar  to  the  preceding  ones  except  that  it  is  slightly  longer,  four 
inner  dorsal  setae  are  lost,  both  lateral  setae  are  more  jwsterior,  and  the  median  pair 
of  ventral  setae  at  the  post-erior  margin  are  set  a  little  more  anterior.  A  pair  of  two- 
segmented,  divergent  cerci  arise  from  the  posterior  margin  of  the  tergite,  their  points 
of  insertion  distant  from  each  other.  First  segment  of  cercus  tapering,  longer  than 
the  anal  or  tenth  segment,  chitinized,  and  bearing  two  dorsal  setae  near  its  base, 
three  setae  about  one-third  the  length  of  the  segment  from  the  distal  end,*  and  a 
terminal  ventral  one.  Second  segment  small,  slender,  cylindrical,  only  slightly 
chitinized,  its  tip  flattened,  membranous  and  bearing  a  terminal  seta. 


>The  dorsal  plato  represents  the  scutum  fused  with  the  epimerites  while  the  ventral  plate  represents 
the  sternites  fused  with  the  episternites  (d'Orchymont). 

•The  first  segment  appears  to  be  subdivided  but  closer  examination  disproves  it. 
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Anal  segment  cylindrical,  longer  than  wide,  And  banded  with  chitin,  the  tip 
membranous,  a  transverse  row  of  setae  anterior  of  the  caudal  border  of  the  band  and 
a  terminal  pair  of  stout,  recurved  hooks  directed  downward. 

4.    Hydroscaphixw 

Eggs  laid  singly  without  a  covering  of  silk. 

Larva  with  inclined  head;  antennae  with  points  of  insertion  situated  nearer  the 
extemo-frontal  angles  than  those  of  the  mandibles;  epicranial  sutures  present; 
ocular  areas  round,  convex  and  in  groups  of  five  more  closely  aggregated  than  with 
the  other  primitive  larvse;  labrum  well  developed  but  cljrpeus^  not  present;  mandibles 
small  each  with  a  lacinia  mobilis  and  concealed  from  above  by  the  labrum;  maxilla 
primitive  with  an  inner  lobe;  labiiun  with  short  palpi;  labium  and  maxillae  inserted 
in  a  furrow  on  the  imder  side  of  the  head;  gula  well  developed  and  attaining  the 
occipital  opening.  Nine  complete  abdominal  segments,  and  a  distinct  but  reduced 
tenth  segment,  the  chitinized  portion  of  all  ten  forming  a  continuous  ring.  Tracheal 
pih  present  on  several  segments.  Spiracles  reduced  so  that  the  openings  cannot  be 
seen.    Cerci  absent. 

5.    HydrochoizuB 

Egg-case  flat  with  a  single  egg  enclosed.  Larva  with  head  inclined,  antennse 
with  their  points  of  insertion  situated  nearer  the  extemo-frontal  angles  than  those 
of  the  mandibles  are;  epicranial  suture  absent;  ocular  areas  oval  and  in  groups  of 
six,  closely  aggregated;  labro-clypeus  very  much  reduced,  the  epistoma  apparently 
at  the  anterior  margin  of  the  head;  mandibles  prominent,  each  with  a  slender  distal 
piece  terminating  in  a  stout  seta;  and  with  a  lacinia  mobilis;  maxilla  palpiform,  the 
inner  side  of  the  stipes  with  a  small  swelling;  palpifer  without  a  rudimentary  lobe; 
labium  with  short  palpi  and  hgula  absent;  labium  and  maxillse  inserted  in  a  furrow 
on  the  under  side  of  the  head;  gula  small  but  attains  the  occipital  opening;  eight 
complete  abdominal  segments,  and  each  with  a  dorsal  and  ventral  plate.  Ninth  and 
tenth  segments  reduced.  Type  of  breathing  pseudo-metapneustic  and  the  bifore 
spiracles  are  poorly  developed. 

Hydrochous  Leach 
As  with  the  genus  Helophorus,  we  find  most  of  the  species  very 
closely  related.  However,  the  rare  Hydrochous  scahratus,  with  its  promi- 
nently tubereled  elytra,  is  a  well-marked  species.  The  most  common 
species  is  H,  squamifer  but  two  closely  allied  and  undetermined  species 
(possibly  undescribed)  are  almost  as  abundant.  A  few  specimens  of 
H.  excavatus  ?  have  also  been  recorded.  The  only  genus  with  which 
the  collector  might  confuse  the  adult  is  Helophoriis  but  the  former  is 
easily  differentiated  in  the  water  by  the  angular  form  and  blackish 
color,  which  has  a  decided  tendency  to  be  iridescent.  The  seven- 
s^mented  antennae  and  discal  fovese  of  Hydrochous  clearly  separate  it 
from  HelophoTus  with  its  nine-segmented  antennae  and  discal  sulci. 


»Thc  clypcus  may  have  fused  with  the  labrum. 
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In  gathering  the  species,  one  finds  them  most  frequently  in  company 
with  Ochthebius,  Hydrcena,  Helophorus,  Anccena  and  Paracymus  but  a 
great  deal  harder  to  locate,  with  the  possible  exception  of  the  two  first 
named.  They  seem  to  cling  more  tightly  to  the  vegetation  at  the  shore- 
line with  their  rather  powerful  claws.  Standing  water  with  gravelly 
bottoms  and  little  vegetation  or  muddy  pools  seem  to  be  their  most 
common  habitat.  About  fifty  were  taken  the  latter  part  of  August  1916 
in  a  lagoon  west  of  the  Cornell  Biological  Field  Station.  The  waters 
at  that  time  of  the  year  are  filled  with  CeratophyUum  (horn wort), 
Spirodela  (duckweed),  and  Elodea,  while  cat-tails  abound,  taking  root 
in  the  muddy  bottom.  Hydrochous  was  procured  at  the  water's  edge  by 
washing  the  mud  away  from  the  roots  of  the  cat-tails.  They  came  to  the 
surface  immediately  and,  although  very  slow  in  action,  they  would 
quickly  become  submerged  by  grasping  the  vegetation  with  their  claws 
unless  washed  out  in  deeper  water.  When  their  station,  which  seems  to 
change  each  year,  is  once  located  they  may  be  captured  in  large  numbers 
but,  otherwise,  only  scattered  specimens  are  usually  taken.  A  single 
specimen  of  H,  scabratus  was  procured  in  Dwyer's  Pond  by  sweeping  the 
submerged  Elodea.  When  the  imagos  were  placed  in  the  aquarium  they 
immediately  sought  the  under  sides  of  some  stones,  below  the  water, 
but  when  it  was  placed  in  the  sun  they  soon  came  up,  seeking  the  sunny 
side.  A  few  days  later  they  were  observed  eating  holes  in  decaying 
leaves  of  moneywort  and  Marsilea,  leaving  only  the  tough  veins. 

The  life  history  has  not  been  described  and  it  has  proven  to  be  of 
particular  value  in  explaining  the  phylogeny  of  the  family.  Although 
the  larva  hsis  a  well-developed  stigmatic  atrium,  yet  its  head  and  mouth- 
parts  are  quite  primitive. 

The  laying  season  seems  to  be  confined  to  the  beginning  of  summer 
weather,  about  the  latter  part  of  May  and  the  first  of  June.  From  the 
fifty  imagos  taken  the  latter  part  of  August,  not  a  single  egg-case  was 
obtained.  A  number  of  the  beetles  were  taken  in  copvlo  on  May  10  but 
no  cases  appeared  until  about  May  23.  A  single  egg  was  deposited  at  a 
time  and  placed  between  two  layers  of  closely  applied  silk.  The  cases 
were  fastened  down  to  the  algae  or  rocks  in  the  aquarium,  either  above  or 
below  water,  and  held  firmly  by  the  flap  and  stanchions.  One  case  of 
Hydrochous  sp.?  was  particularly  well  supplied  with  little  stanchions. 
The  egg-case  of  this  genus  is  apparently  one  step  forward  from,  the  egg- 
case  of  Hydrcma  in  specialization. 

The  larvae  appeared  through  a  rupture  in  the  silk  in  about  seven  to 
eight  days.    They  were  quite  at  home  in  the  water  and  the  manner  in 
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which  the  lobes  and  cerci,  around  the  terminal  spiracles,  spread  out 
over  the  surface  of  the  water  showed  clearly  its  advanced  development. 
They  are  much  less  active  out  of  water  than  the  Hydraeninse  but  never- 
theless move  rapid. 


HydrochouB  squamifer  LeConte 
Plate  V 

Egg-case. — Length  of  egg,  0.5  mm.;  width,  0.2  mm.  The  case  is  irregular  in 
outline  and  varies  in  size  but  the  egg  is  always  placed  towards  one  end  of  the  case, 
the  two  layers  of  silk  meeting  to  form  a  flap  at  the  other  end. 

Newly  Hatched  Larva. — Length,  1.8-1.9  mm.;  width  at  the  thorax,  0.21-0.24 
mm.  Whitish  except  chitinized  regions  which  soon  darken;  integument  with  many 
inconspicuous  setulae.    Body  somewhat  cylindrical. 

Head  strongly  rounded,  shorter  than  wide,  nearly  horizontal;  fronto-clypeal 
suture  not  visible;  frontal  sutures  converging  as  far  back  as  the  middle  of  the  head 
but  then  slightly  diverging  and  not  uniting  to  form  the  epicranial  suture,  the  frons 
therefore  concave  at  the  sides;  gula  small,  its  posterior  angles  extended  to  form  long 
lateral  arms;  cervical  sclerites,  if  present,  not  noticeable. 

Labro-clypeus  very  much  reduced,  the  epistoma  apparently  at  the  anterior 
margin  of  the  head,  nearly  straight  in  front,  no  toothed  lobe  present  but  with  a  trans- 
verse row  of  eight  setae  at  the  anterior  margin  arranged  in  two  groups  of  four  equi- 
distant from  the  median  line;  area  immediately  behind  the  latter  bearing  numerous 
setsB  moimted  on  minute  tubercles.  Lateral  expansions  of  the  epistoma  not  promi- 
nent, rounded,  and  similar.  Epipharynx  with  setae  on  small  tubercles;  ocular  areas 
in  groups  of  six,  oval,  closely  aggregated,  arranged  somewhat  in  a  circle  (the  third 
and  fourth  slightly  distant)  with  their  longitudinal  axes  emanating  from  the  center. 

Antennae  fairly  short,  reaching  only  to  the  middle  of  the  palpifer;  first  segment 
stout,  slightly  concave  on  the  inside  and  slightly  convex  on  the  outside,  about  one- 
third  longer  than  wide;  second  segment  less  than  one-third  the  latter  in  length, 
narrower,  a  little  longer  than  wire  and  bearing  distally  a  finger-like  antennal  appen- 
dage in  addition  to  the  third  segment ;  the  latter  not  quite  as  long  as  the  second  seg- 
ment and  about  as  long  as  the  appendage  but  a  little  wider  and  bearing  terminal  sense- 
cones.  The  intersegmental  membranes  separating  the  segments  are  well  developed 
and  allow  the  last  two  segments  to  be  telescoped. 

Mandibles  symmetrical,  the  anterior  pieces  fairly  slender,  only  slightly  tapering, 
the  tips  membranous  and  each  bearing  a  short  recurved  seta;  lacinia  mohilis  slender 
and  bifid  at  the  tip;  a  single,  sharply  pointed  inner  tooth  just  in  front  of  the  molar 
area;    latter  setiferous. 

Maxillae  with  palpifer  joint-like,  stipes  large,  sides  parallel,  the  inside  with  a 
prominent  swelling  surmounted  by  a  group  of  seta?;  palpifer  shorter  but  equal  in 
width,  about  as  long  as  wide,  swollen,  three  prominent  inner  setae  in  addition  to  many 
small  8et«  mounted  on  minute  tubercles,  which  cover  the  inside  of  the  stipes  as  well ; 
palpus  tapering  slightly,  the  second  segment  longer  than  the  first  but  shorter  than  the 
thimble-like  terminal  segment  which  possesses  apical  sense-cones. 
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Labium  barely  exceeding  the  stipes  of  the  maxilla,  union  of  submentum  and 
mentum  not  clear  but  submentum  probably  small  while  mentum  is  longer  and  cordi- 
form;  palpiger  about  as  long  as  wide,  cylindrical;  palpus  short;  the  first  segment 
about  one-half  the  second,  which  has  small  distal  setae  that  are  mounted  on  minute 
tubercles.    Ligula  absent. 

Pro  thorax  with  sides  rounded,  of  the  same  width  as  the  head;  entirely  chitinized ; 
sagittal  line  present  throughout  the  thorax.  Meso-  and  metathorax  similar,  of  the 
same  width  but  a  little  shorter  than  the  prothorax. 

Legs  not  quite  as  long  as  the  thorax  is  wide  and  robust;  coxae  oval,  transverse 
and  with  a  dorsal  groove;  femora,  tibia,  and  tarsi  all  about  the  same  length;  tarsi 
well  developed,  basal  part  long,  claw-like  and  bearing  two  inner  setaj. 

Abdomen  with  eight  distinct  segments,  all  of  the  same  width,  ninth  and  tenth 
rudimentary.  The  first  seven  tergites  similar  and  intersegmental  membrane  not  well 
defined.  Each  segment  covered  with  a  dorsal  plate,  the  anterior  margin  of  w^hich  is 
straight  while  the  posterior  is  rounded;  no  prominent  setae  present  but  a  lateral 
inconspicuous  seta.  Bifore  spiracles  mounted  on  small  tubercles,  just  inside  and 
anterior  to  the  lateral  seta.  Pleural  groove  distinct.  Each  segment  apparently  with 
a  ventral  plate  corresponding  in  structure  with  the  dorsal  plate;  eighth  segment  with 
sides  only  slightly  rounded  out,  of  the  same  width  as  the  preceding  one.  It  represents 
the  superior  valve  of  the  stigmatic  atrium  and  its  caudal  border  is  four-lobed,  each 
lobe  bearing  a  seta. 

Procercus,  or  process  of  the  eighth  pleurite,  one-segmented  with  a  terminal  seta. 

Mesocercus  (cercus)  two-segmented,  tapering,  the  first  elongate  dome-shaped, 
the  second  about  the  same  length  but  more  slender  and  with  a  terminal  seta  and 
covered  with  several  small  tubercles,  each  with  an  apical  seta. 

Ninth  tergite  divided  into  three  lobes,  two  lateral  and  one  median;  median  lobe* 
small  and  a  little  longer  than  wide  with  its  caudal  margin  nearly  straight  and  bearing 
a  short  but  prominent  seta  at  each  caudo-lateral  angle;  outer  or  lateral  lobes  large, 
rounded  and  with  a  terminal  seta;  acrocercus  below  and  its  distal  end  shows  between 
the  lateral  lobe  and  the  median  lobe  just  mentioned. 

6.     SphercheixuB^ 

Egg-case  carried  by  the  hind  legs  and  held  on  the  under  side  of  the  body.  Larva 
with  head  slightly  inclined;  ocular  areas  round  and  in  groups  of  five,  not  closely 
aggregated;  antennae  with  points  of  insertion  nearer  the  extemo-frontal  angles  than 
those  of  the  mandibles;  epicranial  suture  very  short,  almost  absent;  labro-clypeus 
very  much  reduced,  the  epistoraa  apparently  limiting  the  front  margin  of  the  head; 
mandibles  stout,  sharply  pointed,  furrowed  internally  and  with  inner  teeth;  maxilla 
palpiform  but  with  palpifer  bearing  an  inner  lobe  or  lacinia;  labium  with  palpi 
and  ligula  short;  labium  and  maxillae  inserted  in  a  furrow  on  the  under  sid®  of  the 
head;  gula  well  developed  and  attaining  the  occipital  opening.  Eight  complete 
abdominal  segments,  the  ninth  and  tenth  reduced.  The  type  of  breathing  is  pseudo- 
metapneustic  and  with  poorly  developed  bifore  spiracles.  Seven  pairs  of  short  conical 
gills  on  the  first  seven  segments.     Cerci  and  prostyles  present  but  reducd. 


>Thi8  median  lobe  seems  to  articulate  at  its  base  and  may  be  the  remains  of  the  tenth  segment  of 
the  lower  Hydrophilidtp. 

'This  subfamily  is  not  represented  in  this  country  but  is  incorporated  on  account  of  its  unique 
specialization. 
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7.    HydrophilinsB 

Egg-cases  characterized  by  their  horny  mast  and  comparatively  larger  size.  Larva 
with  elevated  head;  antennse  with  points  of  insertion  farther  from  the  externo-frontal 
angles  than  those  of  the  mandibles;  second  segment  without  an  antennal  appendage; 
epicranial  suture  absent  or  very  short;  ocular  area  fiat,  elongate  and  closely  aggre- 
gated although  distinctly  separated;  both  labrum  and  clypeus  almost  entirely 
reduced,  the  front  margin  nearly  straight  and  with  only  a  few  small  teeth.  Mandibles 
prominent,  sharply  pointed,  furrowed  internally  and  with  inner  teeth;  maxilla 
palpiform,  slender,  the  stipes  longer  than  the  palpifer  and  palpus  together,  palpiger 
with  an  inner  rudimentary  lobe;  labium  with  palpus  longer  than  in  the  primitive 
genera,  the  second  segment  distinctly  longer  than  the  first;  ligula  present,  labium  and 
maxilke  inserted  at  the  anterior  margin  of  the  under  side  of  the  head;  gula  reduced 
and  not  attaining  the  occipital  opening.  Legs  provided  with  fringe  of  setae.  Eight 
complete,  non-chitinized  abdominal  segments;  ninth  and  tenth  reduced.  Type  of 
breathing  pseudo-metapneustic  and  with  poorly  developed  bifore  spiracles.  Tracheal 
gills,  if  present,  not  well  developed.  Cerci  reduced  but  two-segmented.  Prostyles 
present  or  absent. 

HTDBOPHiLns  Leach 

There  are  fewer  species  in  this  genus  than  there  are  in  Hydrous^  but 
the  members  of  Hydrophilus  are  more  equally  distributed  over  the  world. 
One  of  the  four  American  representatives,  H,  obtusattis,  occurs  at  Ithaca. 

The  well-known  European  species,  H,  caraboidesy  was  one  of  Lin- 
naeus' species  and  Roesel  in  1749  knew  some  of  its  larval  instars  besides 
the  pupa.  Lyonet  was  the  first  to  describe  the  egg-case  and  Schiodte 
later  gave  the  entire  life  history.  The  egg-case  and  young  larva  of  H. 
cbtusatua  were  figured  by  Bowditch  in  1884.  He  gave  a  very  interesting 
account  of  its  biology  but  did  not  observe  the  pupa.  The  full-grown  larva 
and  pupa  were  later  described  by  Wickham  but  the  figures  are  of  little 
value  and  the  descriptions  meagre.  Although  it  varies  in  size,  it  is  our 
second  largest  hydrophiUd  and  is  intermediate,  in  this  respect,  between 
Tropistemus  and  Hydrous.  The  beetle  is  very  clumsy  and  in  no  way 
approaches  the  two  other  genera  of  this  subfamily  in  aquatic  adaptation. 
It  is  most  frequently  found  in  leaf-filled  pools,  mud  holes,  at  the  water's 
edge  under  debris  or  clumps  of  grass,  or  in  pools  overgrown  with  vegeta- 
tion. Several  adults  are  often  taken  together  in  such  situations,  but 
only  isolated  specimens  are  usually  recorded. 

HydrophiluB  obtusatus  Say 

Plate  I,  Figures  1,  2,  and  6;   Plate  VI 

The  egg-cases  of  H.  obtusatus  appear  in  late  May  and  early  June  but 
are  not  often  reported.    The  fact  that  they  are  usually  covered  with  a 
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dead  leaf  makes  it  more  difficult  to  see  them.  They  float  freely  and  are 
the  most  pictm-esque  of  all  the  egg-cases.  A  case  was  formed  indoors  on 
April  22  and,  as  there  were  no  leaves  present  in  the  aquarium,  it  was 
placed  in  a  mass  of  floating  algae.  No  definite  air  chamber  such  as  is 
found  in  Hydrous  is  present.  The  eggs,  about  forty  in  number,  are  laid 
in  a  vertical  position  at  the  bottom  of  the  case.  Just  behind  the  cap  is 
a  mass  of  loosely  spim  silk.  The  cap  end  is  never  covered  by  the  leaf 
but  the  larvae  do  not  always  emerge  underneath  it,  as  seems  to  be  the  rule 
in  Hydrous,    More  often  the  escape  is  made  at  the  other  end. 

The  young  larvae  fed  readily  on  Cydo-ps,  CypridopsiSj  etc.,  and  made 
several  attempts  to  catch  small  tadpoles.  Freshly  killed  tadpoles  were 
placed  within  their  reach  but  they  evidently  did  not  care  for  the  dead 
food.  According  to  Bowditch,  they  become  full  grown  in  about  thirty 
days  and  spend  the  remainder  of  the  sunmier  and  winter  as  pupae, 
emerging  early  in  the  spring.  Such  an  extraordinary  length  in  the  pupal 
stage  may  be  true  but  it  does  not  sound  plausible  nor  is  it  always  the  case. 

In  July  a  mature  larva  was  captured  floating  in  the  middle  of  a 
lagoon  near  the  Biological  Field  Station.  It  was  placed  in  a  terrarium 
and  on  July  21  started  burrowing  down.  After  several  attemps  to 
form  a  suitable  cell  below  the  surface,  it  finally  pupated  above  ground 
July  28.  The  process  of  transformation  took  less  than  an  hour  and  a 
beautiful  sea-green  pupa  resulted.  Five  days  later  the  adult  emerged. 
At  the  time  of  emergence  the  beetle  was  piceous  above  but  its  under 
side  was  light  brownish  in  color. 

Egg-c.\se. — Whitish  except  brownish  mast  and  plate  at  its  base.  Case  without 
the  leaf  9.2  mm.-18  mm.  long,  9.8  mm.-ll  mm.  wide,  and  7.8  mm.-9  mm.  high.  The 
hom-like  mast,  arising  vertically  from  the  top  of  the  largest  or  cap  end  of  the  case,  is 
from  7  mm.-l  1.8  mm.  in  length.  It  is  enlarged  at  the  base  into  a  roundish  plate  about 
4.-4.5  mm.  high.   The  top  of  the  mast  is  often  bent  forward  and  away  from  the  case. 

Newly  Hatched  Larva. — Length,  6.5-7  mm.;  width  at  the  thorax,  1.25  mm. 
Light  brownish  in  color.    Integument  entirely  pilose. 

Head  broadly  ovate,  constricted  behind,  elevated;  fronto-clypeal  suture  well 
indicated  at  the  sides;  frontal  sutures  gradually  converging  but  not  uniting  until 
they  attain  the  caudal  margin  of  the  head;  frons  raised  in  the  middle;  gula  reduced, 
arched,  semicircular,  and  with  the  gular  sutures  prominent  and  confluent.  Cervical 
sclerites  present. 

Labro-clypeus  nearly  symmetrical,  reduced,  with  very  small  inconspicuous 
teeth  at  the  anterior  margin  and  a  row  of  five  small  seta?  equidistant  from  each  other. 
Lateral  expansions  of  epistoma  similar  and  broadly  rounded,  overlapping  the  bases 
small  short  setaj  along  their  margins. 

Ocular  areas  in  groups  of  six  arranged  in  two  parallel  rows,  the  first  three  nearly 
vertically,  while  the  posterior  three  are  horizontally  placed.  The  sixth  area  or  outer 
one  of  the  posterior  row  distant  from  the  fifth.  Articulating  maxillary  pie.ce  fairly 
well  developed. 
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Antenme  slender,  extending  forward  about  as  far  as  the  tips  of  the  mandibles; 
first  segment  much  longer  than  the  second  and  third  together,  slightly  constricted 
near  the  base,  a  little  crooked  and  with  a  few  short  conical  spines  on  its  inner  siu^ace; 
second  segment  bent  inwardly  a  little,  slightly  longer  than  the  terminal  segment  and 
with  a  disto-medial  seta;  latter  segment  more  slender  and  possessing  a  few  distal 
setse. 

Mandibles  symmetrical,*  prominent,  elongate,  sharply  pointed  at  their  tips  and 
with  their  inner  surfaces  grooved;  each  mandible  with  two  inner  teeth,  the  proximal 
tooth  smaller  than  the  distal  and  slightly  bifid;  distal  tooth  furrowed  on  its  inner 
surface,  and  the  furrow  is  continuous  with  a  furrow  surrounding  the  proximal  tooth. 

Maxilke  slender  and  with  joint-like  palpifer;  stipes  swollen  near  its  base,  slightl}' 
bowed,  longer  than  the  palpifer  and  palpus  together  and  its  inner  surface  with  a  row 
of  five  set®,  the  basal  four  fairly  stout;  palpifer  with  a  small  chitinous  appendage 
bearing  a  terminal  seta  at  its  disto-medial  angle;  about  twice  the  length  of  the  1st 
palpal  segment  but  only  very  slightly  wider;  palpal  segments  all  about  the  same 
width  and  bearing  the  relation  of  7,  13,  and  20;  terminal  segment  with  a  single  distal 
sense-cone. 

Labiiun  prominent,  palpus  nearly  attaining  the  distal  end  of  the  stipes,  its  first 
segment  short,  the  second  the  same  width  but  about  five  times  as  long  and  with 
terminal  sense-cones;  ligula  well  developed,  more  than  twice  as  long  as  the  first  palpal 
segment,  cylindrical,  only  slightly  tapering,  chitinized  except  tip;  palpiger  four- 
elevenths  longer  than  wide,  sides  parallel;  mentum  cordiform,  anterior  angles  pro- 
nounced and  acute;  submentum  extremely  transverse,  small  and  joint-like. 

Prothorax  narrower  than  the  head,  sides  paraUel;  pronotiun  bearing  a  few 
scattered  set®;  entirely  chitinized  except  at  the  anterior  margin  and  the  sagittal  line, 
which  continues  through  the  thorax;  a  large  ventral  sclerite  present  in  front  of  the 
prothoracic  coxse. 

Meso-  and  metathorax  similar  to  each  other,  a  little  wider  than  but  less  than 
one-half  as  long  as  the  prothorax,  each  with  a  pair  of  fairly  large,  irregular  subtri- 
angular  sclerites  and  a  lateral  tubercle.  A  bifore  spiracle  present  in  each  antero- 
lateral angle  of  the  mesothorax  while,  corresponding  in  position  to  it,  there  is  a 
small  tubercle  on  the  metathorax.  Pro-mesothoracic  and  meso-metathoracic  sclerites 
are  present  and  are  smaU,  elongate,  horizontal  plates. 

Legs  about  twice  as  long  as  the  width  of  the  thorax;  segments  beginning  with 
coxsd  bear  the  relation  of  35,  12,  35,  25  and  15;  tarsi  well  developed,  claw-like,  and 
each  with  two  inner  setae,  one  dorsal  to  the  other. 

Abdomen  with  eight  distinct  segments,  narrowed  posteriorly,  ninth  and  tenth 
rudimentary.  The  first  seven  tergites  similar,  each  with  two  very  much  reduced, 
oval,  chitinized  patches  on  the  proscutum,  the  first  pair  larger  than  the  others,  and 
four  small  but  conspicuous  tubercles  in  a  transverse  row  across  the  posterior  or  second 
fold  of  the  scutum,  each  bearing  a  seta.  Each  tergite  consists  of  three  transverse 
folds  while  the  intersegmental  membrane  has  only  one;  stemites  with  similar  arrange- 
ment except  that  there  is  a  longitudinal  fold  on  each  side  of  the  three  transverse  folds. 
Seven  pairs  of  rudimentary  bifore  spiracles  and  seven  pairs  of  pleural  appendages, 
equally  long  (0.48  mm.),  on  the  first  seven  segments.  A  smaU  dorsal  tubercle  at  the 
base  of  the  appendage.    The  eighth  tergite  represents  the  superior  valve  of  the  stig- 


^In  H.  glacuB  the  mandibles  are  asymmetrical.    The  left  mandible  possesses  only  a  single  inner 
tooth. 
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matic  atrium  and  bears  a  large,  chitinized  plate,  somewhat  domenshaped  anteriorly. 
Caudal  margin  of  the  eighth  tergite  is  slightly  quadrilobed,  each  lobe  with  an  un- 
chitinized  tip  and  several  distal  setae. 

Procercus  well  developed,  its  first  segment  prominent,  with  a  chitinous  band 
partly  surrounding  it  and  a  distal  tubercle  as  well  as  a  small  terminal  segment,  bear- 
ing an  apical  seta.  Mesocercus  fairly  prominent,  chitinized,  two-segmented,  each 
segment  with  an  apical  seta.  The  chitinous  plate  in  front  of  the  mesocerci  distinct 
and  with  two  transverse  rows  of  setae  arranged  in  pairs;  the  posterior  row  with  one 
pair  and  the  anterior  row  with  three  pairs;  median  lobe  of  ninth  tergite  rounded  and 
with  a  ventral  chitinized  plate  which  tends  to  wrap  around  it.  Acrocercus  situated 
below  each  lateral  lobe  of  the  ninth  tergite,  and  with  two  terminal  tubercles,  each 
bearing  a  seta. 

Full-grown  Larva. — Length,  25-27  nmi. ;  width  at  the  thorax,  5  mm.  General 
color  is  brownish  above  and  dirty  white  below.  The  chitinized  regions  are  castaneous. 
When  about  ready  to  pupate,  it  takes  on  a  greenish  gray  coloration,  probably  due 
to  the  color  pigment  of  the  pupa.  The  head  measures  3.25  mm  in  width  and  1 .99 
mm.  along  the  mid-dorsal  line.  First  segment  of  antenna  slightly  longer  than  in  first 
stage,  about  one-fifth  the  second.  Labro-clypeus  inconspicuously  crenate.  Mandibles 
stouter,  blunter  and  with  the  proximal  inner  tooth  not  noticeably  bifid.  Lobe  of 
palpifer  very  rudimentary;  dorsal  surface  of  mentum  with  scattered  setae  and  four 
lateral  spines  which  are  more  prominent;  ligula  very  slightly  divided  at  distal  end. 
Seta  in  the  caudal  angle  of  the  mesoscutum  prominent.  Prostyles  or  anal  append- 
ages not  noticeably  longer  (1 .2  mm.). 

Pupa. — Length,  15  mm.  with  cerci  (curled  up);  width  at  the  thorax,  8  mm. 
Sea-greenish  except  whitish  tubercles,  styli,  cerci  and  tip  of  abdomen.  Whitish  parts 
become  brown  as  emergence  time  approaches  and  metathoracic  wings  fuscous. 

Head  smooth;  two  supraorbital  styli  present;  two  smaU  oval  raised  areas  on 
each  side  of  the  epicranial  suture  near  the  vertex.  Pronotum  smooth,  its  cephalic 
margin  concave.  Styli  arranged  as  follows:  three  equally  long  styli,*  curving  back- 
wards, in  a  transverse  row  at  the  anterior  margin  at  each  side;  a  group  of  three  others 
similarly  arranged  but  decreasing  in  length  towards  the  middle,  just  inside  the  latter; 
three  in  a  longitudinal  row  at  each  lateral  margin;  a  transverse  row  of  ten  at  the 
posterior  margin  (more  slender  and  less  recurved  than  latter);  two  transverse  rows 
near  the  middle;  the  anterior  row  with  four  styli,  the  posterior  with  three.  Meso- 
and  metanotum  with  a  pair  of  styli  in  a  transverse  row.  Metathoracic  pterothecae 
visible  from  above.  Tarsi  not  ending  in  prominent  spines  nor  tibiae  spinous  on  the 
outer  side.  A  transverse  row  of  six  motory  styli  on  the  first  seven  abdominal  tergites, 
the  outer  one  on  each  side  mounted  on  a  tubercle.  Second  to  seventh  pleurites  each 
with  a  stylus  or  a  tubercle.  Eighth  tergite  with  two  small,  rounded  tubercles  at  the 
posterior  margin  on  each  side  of  the  median  line  and  each  bearing  a  short  terminal 
stylus.  Ninth  segment  terminating  in  two,  superficially  annulate  cerci,  which  are 
2.85  mm.  long,  divergent,  tapering  and  bifid  at  their  tips.  Spiracles  raised  and 
prominent. 


»Tho8e  pronotal  styli  on  the  front  margin  and  middle  region  have  no  terminal  seta. 
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TROPX8TIBNU8  Solier 

Although  the  adults  appear  to  be  closely  allied  to  Hydrous,  the  differ- 
ences found  in  the  immature  stages  tend  to  strengthen  the  validity  of  this 
genus.  The  adults  differ  from  Hydrous  principally  in  their  smaller  size 
and  in  the  structure  of  the  maxillary  palpi.  They  are  the  most  common 
members  of  the  Hydrophilinae  and  may  be  taken  in  almost  any  pool 
or  lagoon.  Although  more  active  than  most  of  the  water  scavengers 
the  adults  are  easily  captured  by  hand.  T.  glaber,  T.  mixius,  and  T. 
kUeralis  are  the  representatives  in  this  region.  The  former  two  strongly 
resemble  each  other  but  T.  lateralis  can  easily  be  distinguished  on 
account  of  the  narrow  yellow  margin  of  the  prothorax  and  elytra.  T, 
glaber  is  by  far  the  most  abundant  species.  The  genus  is  limited  to 
America  in  its  distribution. 

Duges,  1884,  was  the  first  to  give  the  characters  of  the  inunature 
stages.  His  descriptions  of  the  larva  and  pupa  of  T,  lateraits,  collected 
in  Mexico,  were  carefully  done  but  his  figures  are  not  very  helpful. 
Wickham,  1893,  added  the  larva  and  pupa  of  T,  glaber.  The  egg-case 
has  apparently  been  unmentioned  in  literature.  This  seems  strange  as 
the  cases,  at  least  those  of  T.  glaber ^  are  very  common  at  the  commence- 
ment of  the  warm  summer  days. 

Tropifltemuil  glaber  Herbst 
Plate  VII 

The  egg-cases  cannot  be  mistaken;  the  homy  mast  is  pecuUar  to 
the  subfamily  to  which  this  genus  belongs;  the  case  is  not  as  long  as  the 
naked  case  of  Hydrous  and  is  not  wrapped  up  in  a  leaf  as  is  the  case  of 
Hydrophilus.  Instead,  it  is  fastened  to  a  leaf,  blade  of  grass,  or  any  kind 
of  vegetation  present  at  the  surface  of  the  water. 

The  cap  covers  one  end  of  the  case  and  the  mast  is  firmly  attached 
to  it.  There  are  from  eleven  to  twenty-two  eggs  contained  within  and 
the  time  of  incubation  lb  six  to  seven  days.  The  main  dates  of  develop- 
ment of  an  individual  observed  in  1914  were  as  follows: 

May  25,  egg  deposited  in  the  case;  May  30,  larva  emerged;  July 
1,  burrowed;  July  10,  pupated;  July  14,  adult  emerged. 

The  yoimg  larvae  were  placed  in  an  aquarium  where  they  fed  readily 
on  entomostracans  and  small  tadpoles.  The  different  molts  were  not 
observed.  Only  a  few  larv®  reached  maturity,  as  the  weaker  individuals 
were  quickly  eaten  by  the  stronger  ones.  During  the  latter  part  of  June 
and  the  first  few  weeks  in  July  many  full-grown  larvae  were  taken  out-of- 
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doors  at  the  edge  of  the  pools  under  stones,  debris,  or  even  some  distance 
from  the  shore  on  the  sm*face  of  the  alga-filled  pools.  The  larvae  are 
found  all  summer  but  this  first  generation  of  the  year  is  the  most  abun- 
dant. The  second  generation  begins  soon  after  the  adults  emerge,  the 
greatest  number  of  egg-cases  of  this  generation  being  found  the  first 
part  of  August. 

Pupae  were  secured  about  the  same  time  of  the  year  within  their 
cells  an  inch  below  the  surface  of  the  bank  or  under  stones.  When 
transforming  indoors,  many  of  the  pupae  did  not  form  a  cell  below  ground 
but  changed  at  the  surface.  The  cells  formed  were  about  12  mm.  wide, 
10  mm.  high  and  nearly  round.  The  earth  in  the  terraria  was  only 
about  three-quarters  of  an  inch  deep  so  that  the  larva  could  be  observed 
forming  the  cells  next  to  the  glass.  The  constant  squirming  of  the  larvae 
made  the  cell  walls  firm.  The  legs,  especially  the  fore  legs,  helped  materi- 
ally in  shedding  the  pupal  skin.  The  tarsi  are  bent  back  and  the  tibiae 
used  in  pushing  the  skin  ofi". 

Upon  emerg'mg,  the  head  of  the  beetle,  the  middle  of  the  pronotum 
(the  edges  Ughter),  the  scutellum,  and  the  legs  were  brownish  in  color. 
The  elytra  were  yellowish  white  and  the  abdomen  whitish.  It  colored 
very  rapidly  and  in  about  ten  hours  was  entirely  black  above  but  slightly 
brownish  below. 

Egg-case. — Whitish,  except  brownish  mast.  The  measurements  of  case,  which 
is  figured,  were  9.3  mm.  long;  4.28  mm.  wide  at  the  cap  end;  5.3  mm.  wide  at  the 
other  end;  and  the  mast  4.8  mm.  long. 

Newly  Hatched  Larva. — Length,  4.8  mm.;  width  at  the  thorax,  0.84  mm. 
Light  brownish  (fulvous).    Entire  integument  covered  with  fine  short  hairs. 

Head  ovate;  fronto-clypeal  suture  well  indicated  at  the  sides;  frontal  sutures 
gradually  converging  and  uniting  to  form  a  very  short  epicranial  suture;  frons  raised 
in  the  middle,  nearly  triangular  and  with  a  transverse  impressed  Une  near  its  basal 
third;  gula  reduced,  arched  and  semicircular  but  flattened  posteriorly;  gula  sutures 
prominent  and  confluent.    Cervical  sclerites  present. 

Labro-clypeus  nearly  symmetrical,  reduced,  with  very  small  teeth,  usually  five, 
in  the  middle  and  one  on  each  side  of  the  latter  five  but  removed  a  little;  a  transverse 
row  of  six  setaj  just  inside  the  margin.  Lateral  expansions  of  epistoma  similar,  rounded 
but  somewhat  straight  in  front,  only  barely  exceeding  the  labro-clypeus  with  a  row  of 
inconspicuous  setae  on  the  inner  side  and  overlapping  the  bases  of  the  mandibles. 

Ocular  areas  in  groups  of  six  and  arranged  in  parallel  rows,  the  first  three  nearly 
vertically  while  the  posterior  three  are  horizontally  placed.  The  sixth  or  outer  one  of 
the  posterior  row  is  distant  from  the  fifth  and  in  some  specimens  is  rudimentary. 

Antenna?  extending  forward  about  as  far  as  the  tips  of  the  mandibles  and  beyond 
the  first  segment  of  the  maxillary  palpus;  first  segment  longer  than  the  following  two 
segments  taken  together  but  stouter  than  in  the  other  Hydrophilina;  second  segment 
slightly  more  slender  and  with  several  short  setae  in  the  membrane  preceding  the  third 
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s^ment;  latter  still  more  slender,  a  little  stouter  than  the  second  and  with  several 
distal  sets  in  addition  to  a  small,  two-segmented,  finger-like  appendage.^ 

Mandibles  asymmetrical,  prominent,  elongate,  sharply  pointed  at  their  tips, 
each  mandible  with  two^  inner  toothed  areas;  the  distal  inner  tooth  on  each  well 
developed,  bifid,  their  anterior  margin  minutely  serrate,  and  their  inner  surface 
with  a  groove,  which  extends  to  the  base  of  the  mandibles;  this  latter  groove  sep- 
arates the  proximal  inner  tooth  of  each  mandible  into  two,  equal,  flat  teeth;  those 
on  the  left  mandible  are  much  larger  than  those  on  the  right  and  with  a  curved  edge, 
which  crosses  the  groove,  sUghtly  proximal  to  them. 

Maxilke  with  joint-like  palpifer;  cardo^  small;  stipes  slender,  swollen  at  the  base, 
slightly  constricted  in  the  middle,  longer  than  the  palpifer  and  palpus  together  and 
its  inner  siirface  with  a  row  of  five  setae;  palpifer  only  slightly  narrower  than  stipes 
but  less  than  one-fourth  its  length;  a  chitinous  finger-like  appendage  at  its  intemo- 
distal  angle  bearing  a  long  seta  and  a  microscopic  lobe  or  sense-cone  apically;  palpus 
tapering  and  curving  in  slightly;  the  first  segment  small;  the  second  about  as  long 
as  the  palpifer;  the  third  a  httle  longer  than  the  latter  and  with  terminal  sense-cones. 

Labium  prominent,  the  palpus  nearly  attaining  the  distal  end  of  the  stipes,  its 
first  segment  short,  the  second  of  the  same  width  but  much  longer  and  with  terminal 
sense-cones  and  setae;  ligula  well  developed,  more  than  twice  as  long  as  the  first  palpal 
segment,  cylindrical,  only  slightly  tapering;  palpiger  a  little  longer  than  wide, 
slightly  swollenr,  mentum  subcordiform,  anterior  angles  pronounced  and  sharply 
pointed;  dorsal  surface  with  numerous  minute  spines  at  its  basal  half;  submentum 
extremely  transverse  and  joint-like. 

Prothorax  nearly  as  wide  as  the  head,  angles  slightly  rounded;  pronotum 
entirely  chitinized  except  at  the  anterior  and  posterior  margin  and  possessing  a  few 
scattered  setae  besides  a  transverse  row  of  six  setae  in  front  and  a  transverse  row  of 
four  in  back;  a  large  ventral  sclerite  present  in  front  of  the  prothoracic  legs.  Sagittal 
line  continuous  throughout  the  thorax.  Pro-mesotergal  sclerites  are  present  and  are 
small,  elongate  and  horizontal. 

Mesothorax  much  shorter  than  the  prothorax,  about  the  same  width  and  with  a 
pair  of  fairly  large,  irregular,  sclerites,  each  with  a  prominent  seta  caudally.  Spira- 
cular  area  with  three  small  tubercles.  A  rudimentary  bifore  spiracle  present  in  each 
extemo-frontal  angle. 

Metathorax  siniilar  but  slightly  narrower  and  shorter  and  its  sclerites  more 
irregular  caudally.    A  small  pleural  appendage  present. 

Legs  more  than  twice  as  long  as  the  width  of  the  thorax;  segments  beginning 
with  coxffi  bear  the  relation  of  16,  7,  16,  12,  and  9;  tarsi  well  developed,  claw-like 
and  each  with  two  inner  setae,  one  proximal  to  the  other  and  smaller. 

Abdomen  with  eight  distinct  segments  narrowed  posteriorly,  ninth  and  tenth 
rudimentary.  The  first  seven  tergites  similar,  each  with  two  very  much  reduced, 
oval,  chitinized  patches  on  the  praescutum,  the  first  pair  larger  than  the  others,  and 
four  small  but  conspicuous  tubercles  in  a  transverse  row  across  the  posterior  fold  of 
the  scutum,  each  bearing  a  long,  colorless  seta.    Each  tergite  consists  of  three  trans- 


iWiekham,  1893,  considers  this  appendage  as  one-scKmentcd  but  remarks  that  it  appears  to  be 
t  wo-epRmented . 

*Duffes.  1883,  describes  T.  lateralis  as  possessing  only  one  inner  tooth.  The  terminal  segment  of 
the  manilary  palpus  is  also  small  and  cone-shaped. 

'Wickham.  1803,  said  that  he  could  not  find  the  basal  segment  in  his  specimen  although  Duge^  had 
apparently  observed  it  in  T.  lateralis. 
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verse  folds  while  the  intersegmental  membrane  has  only  one;  stemites  with  similar 
arrangement  except  that  there  is  a  longitudinal  fold  on  each  side  of  the  three  trans- 
verse folds  and  a  fourth  indistinct  transverse  fold  was  observed  in  some  specimens. 
The  bifore  spiracles  at  the  tip  of  small  tubercles.  Both  the  epipleurite  and  hypo- 
pleurite  bear  a  tubercle.  The  transverse  row  of  tubercles  is  lacking  on  the  second 
fold  of  the  stemite  but  a  single  prominent  tubercle  is  present  on  each  side  of  the 
third  fold  as  well  as  one  behind  the  middle  of  the  longitudinal  fold. 

The  eighth  tergite  represents  the  superior  valve  of  the  stigmatic  atrium  and 
bears  a  large,  shield-shaped,  chitinous  plate,  which  is  slightly  emarginate  at  the 
middle  of  its  anterior  border  but  more  prominently  so  just  behind  the  two  middle 
lobes  of  the  caudal  margin  of  the  eighth  tergite.  The  structure  of  the  atrium  is  very 
close  to  that  of  HydrophUus.  It  differs  from  the  latter  principally  by  the  fact  that 
the  two  middle  lobes  of  the  hind  margin  of  the  superior  valve  are  more  distinct 
resembling  the  mesocerci  and  that  the  two  anterior  seta  of  the  plate  in  front  of  the 
cerci  are  set  farther  apart.  The  median  lobe  of  the  m'nth  tergite  with  two  distal  set«. 
The  prostyles  are  short,  not  exceeding  the  sides  of  the  body,  broad,  roimded,  and 
depressed. 

Full-grown  Larva. — Length,  14  mm.;  width  at  the  thorax,  3.2  mm.  General 
color  brownish  above  and  dirty  white  below;  chit inized  regions  reddish  brown.  Head 
dorsally  with  a  yellow  stripe  on  each  side;  ventrally  with  a  median  and  two  lateral 
pairs  of  yellow  stripes;  measures  2  nmi.  in  width  and  1.44  mm.  along  the  mid-dorsal 
line.  First  segment  of  antenna  longer  in  proportion  than  in  the  first  instar,  more 
than  four  times  the  second  segment.  Labro-cl3T>eus  nearly  straight,  often  slightly 
crenate,  and  some  specimens  retain  the  most  lateral  tooth  of  the  first  instar  on  each 
side,  but  it  is  very  inconspicuous.  Mandibles  with  the  outer  spur  of  bifid  inner  tooth 
lacking.  Lobe  of  palpifer  very  much  reduced;  dorsal  setae  of  mentUm  (about  four- 
teen) arranged  somewhat  in  a  transverse  elipse;  extemo-frontal  angles  rounded  but 
prominent  and  with  a  small  outer  seta;  tubercles  of  abdomen  prominent  and  each 
bearing  a  group  of  long,  slender,  terminal  setae. 

Pupa. — Length,  12  mm.  (curled  up);  width  at  its  thorax,  5.6  mm.  Entirely 
whitish  except  reddish  brown  eyes.^  Head  smooth,  no  supraorbital  setae,  oval,  raised 
areas  on  each  side  of  the  epicranical  suture  near  the  vertex  very  small.  Pronotum 
smooth  with  middle  lobes  not  prominent.  Motory  styli  are  long,  fleshy  and  annulate, 
each  bearing  a  terminal  seta,  slightly  recurved  and  arranged  as  follows:  three  in  a 
transverse  row  on  each  side  near  the  anterior  margin;  four  in  the  middle  just  back 
of  the  anterior  margin,  the  two  inner  ones  set  back  a  little;  six  in  a  transverse  row  at 
the  posterior  margin  (no  corner  styli) ;  two  on  the  basal  half  of  each  side;  and  two  in 
a  transverse  row  across  the  middle.  Meso-  and  metanotum  with  a  pair  of  transverse 
styli;  scutellum  well  marked;  metasternal  spine  long.  Inner  spur  of  metatibia  very 
prominent.  Tarsi  not  ending  in  prominent  spines  nor  tibiae  spinous  on  the  outer 
side.  Metathoracic  pterotheca  visible  from  above.  First  to  seventh  tergites  with  a 
transverse  row  of  four  styh,  second  to  seventh  pleurites  each  with  a  stylus.  Eighth 
tergite  with  two  very  small  indistinct  lobes  at  its  posterior  margin  on  each  side  of  the 
median  line  and  each  bearing  small  stylus.  Ninth  segment  terminating  in  two  crooked, 
fleshy,  superficially  annulate  cerci  aboug  1.45  mm.  long.    Cerci  diverge  as  far  as  their 


1 A  fresh  pupa  showed  the  eyes  entirely  white  except  the  six  pigment-spots  of  the  ocular  areas,  which 
were  groupea  at  hind  margin  of  the  head. 
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middle  and  then  converge.  They  are  slightly  bifid  and  sharply  pointed.  On  the 
outer  side  of  the  distal  third  are  two  small  spines.  Abdominal  spiracles  (second 
to  sLTth)  large,  uncovered  and  the  area  about  them  well  chitinized. 

TropistemuB  sublsBvis  LeConte 

A  specimen  of  this  species  was  examined  at  the  National  Museimi. 
It  is  very  close  to  T.  glaber.  The  proximal  inner  teeth  of  both  mandibles 
are  more  reduced  and  the  basal  ridge  of  left  mandible  is  lacking. 

Hydrous  Leach 

The  above  generic  name  will  doubtless  be  confusing  to  many  be- 
cause our  representatives  have  for  so  long  a  period  been  known  under 
the  genus  Hydrophilus.  Here  are  included  the  largest  beetles  of  the 
family  and,  in  Ithaca,  only  one  species  is  to  be  found,  namely,  H. 
triangularis.  This  is  well  known  to  collectors  and  because  of  its  large 
size,  measiuing  over  thirty  millimeters  in  length,  can  not  be  mistaken. 
Its  specific  name  is  evidently  due  to  the  triangular  spots  of  yellowish 
brown  hair  on  the  abdominal  stemites. 

Adults  have  been  collected  during  the  warm  spring  and  summer 
months  under  electric  lights,  toward  which  they  often  fly  in  large  num- 
bers. One  specimen  was  captured  as  late  as  November  1  under  an  arc 
light.  The  most  rapid  swinmiers  of  the  family  are  included  in  this 
genus.  It  is  clearly  seen  that  their  bodies  are  well  adapted  for  gliding 
through  the  water  with  the  least  possible  resistance. 

European  authors  have  paid  a  great  deal  of  attention  to  H,  cUer- 
rimus  and  H,  jriceus^  especially  the  latter,  not  only  to  their  life  history 
but  also  to  their  biology  in  its  various  phases.  The  earliest  mention 
of  the  larval  and  pupal  stages  was  made  by  Frisch  as  far  back  as 
1721  but  his  unique  error  of  describing  the  larva  upside  down  and  there- 
fore ascribing  dorsal  legs  to  it  takes  away  part  of  its  value.  Miger  and 
Lyonet  follow  about  a  century  later  and  both  papers  are  worthy  of  com- 
mendation. The  life  history  of  H,  aterrimus  given  by  Schiodte  is  pre- 
sented in  the  usual  careful  way  of  the  author. 

The  most  complete  work  on  the  only  American  species  considered 
is  that  of  Dr.  Robert  Matheson  of  Cornell  University,  published  in 
1914.  He  has  very  carefully  followed  the  entire  life  history  of  H, 
tmngidaris  through  all  its  stages  from  the  egg  to  adult.  Carman's 
paper  in  1881  on  the  egg-case  and  larva  was  well  written  but  did  not 
include  the  entire  life  history.  It  was  supplemented  by  Riley's  paper  in 
the  same  year. 
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Hydrous  triangularis  Say 
Plate  I,  Figure  7;  Plate  VIII 

It  hardly  seems  necessary  to  go  into  the  biology  of  this  species. 
However,  the  main  events  occur  as  follows.  The  egg-cases  are  foimd 
mostly  in  June,  and,  although  always  attached  to  floating  leaves  or 
other  debris,  have  never  been  reported  as  fastened  to  living  plants. 
Over  one  hundred  eggs  are  enclosed  within  it  and  the  larvse  when  newly 
hatched  are  very  ungainly  as  compared  with  the  full-grown  larva.  The 
usual  two  molts  take  place  and  the  pupa  appears  in  about  one  month. 
The  duration  of  this  latter  stage  is  about  eleven  dsLys. 

Egg-case. — Light  brownish  with  its  mast  and  plate  at  base  of  mast  almost 
black.  It  measures  24  mm.  long,  15  mm.  high,  and  about  22  mm.  wide.  The  hom-like 
process,  which  arises  from  the  cap  end  of  the  case,  is  almost  at  right  angles  with  the 
upper  side  of  the  case  and  is  usually  7-8  mm.  long.  Below  the  plate  is  a  lunar-shaped 
opening  which  leads  into  a  chamber  below  the  eggs. 

Newly  Hatched  Larva. — Length,  8  mm.;  width  at  the  thorax,  1.7  mm. 
Light  brownish  with  appendages  whitish  darkening  with  age.  Integmnent  with  fine 
dark  hairs. 

Head,  without  mouth-parts,  1.14  mm.  long  dorsally  and  1.82  nmi.  long  ventrally; 
2.1  mm.  in  width;  broadly  ovate,  large,  depressed,  strongly  elevated;  fronto-clypeal 
suture  well  marked;  frontal  sutures  widely  separated,  converging  only  slightly  and 
not  uniting  to  form  an  epicranial  suture;  gula  fairly  prominent,  arched,  semicircular 
behind;  gular  sutures  confluent  and  distinct. 

Labro-clypeus  reduced,  with  its  anterior  margin  slightly  concave  and  bearing  a 
few  microscopic  projections  towards  each  side.  Lateral  expansions  of  the  epistoma 
similar,  acute,  not  prominent. 

Ocular  areas  in  groups  of  six,  elongate  and  arranged  in  two  parallel  rows,  the 
first  three  nearly  vertically  while  the  posterior  three  are  horizontally  placed.  The 
sixth  or  outer  one  of  the  posterior  row  distant  from  the  fifth. 

Antennae  three-segmented,  exceeding  the  right  mandible  by  almost  the  length 
of  the  terminal  segment,  and  left  by  its  last  and  half  of  its  penultimate  segment; 
first  segment  longer  than  the  second  and  third  together,  almost  as  long  as  the  stipes, 
bent  inwardly  near  the  base  and  fringed  on  the  inside,  except  the  basal  third,  with 
slender  seta?;  second  segment  swollen  dLstally  and  not  quite  as  long  as  the  third, 
which  bears  no  distinct  terminal  sense-cones. 

Mandibles  asymmetrical,  prominent,  sharply  pointed  at  their  tips  and  with 
their  inner  surfaces  grooved;  each  mandible  with  a  single  inner  tooth,  the  inner  tooth 
of  the  right  mandible  with  a  large  tooth  on  its  anterior  margin  forming  an  unequally 
bifid  tooth;  the  left  mandible  stouter  and  shorter  than  the  right  and  with  a  membra- 
nous area  in  the  region  of  the  molar  surface. 

Maxilla?  with  joint-like  palpifer;  stipes  slender,  slightly  bowed,  longer  than  the 
palpifer  and  palpus  together  and  its  inner  surface  with  a  row  of  four  stout  seta?; 
palpifer  with  a  chitinous  finger-like  appendage  at  its  interno-distal  angle;  about  the 
same  length  as  each  of  the  palpal  segments  but  shghtly  wider;  terminal  segment  of 
palpus  with  no  distinct  sense-cones.    Articulating  maxillary  piece  well  developed. 
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Labium  prominent,  almost  attaining  the  tip  of  the  left  mandible;  submentimi 
transverse  and  hinge-like;  mentum  longer  than  wide,  arched  below,  its  sides  at  basal 
half  slightly  concave  but  at  its  distal  half  convex,  the  fronto-extemal  angles  produced 
forward  and  prominent;  palpiger  much  narrower  than  the  mentum,  its  sides  diverg- 
ing anteriorly;  ligula  somewhat  thimble-shaped,  about  the  same  size  as  the  first  pal- 
pal segment;  the  second  segment  of  the  palpus  more  than  twice  as  long  as  the  first 
and  slightly  convex  on  the  outer  side. 

Prothorax  narrower  than  the  head;  anterior  margin  nearly  straight;  proscutum 
represented  by  two,  fairly  large,  somewhat  triangular  sclerites.  Sagittal  line  present 
throughout  thorax.  Mesothorax  slightly  shorter  than  prothorax  but  just  as  wide; 
the  mesoscutal  sclerites  more  triangular  and  smaller.  A  small  bifore  spiracle^  present 
in  each  spiracular  area.    Metathorax  similar  to  latter  but  not  quite  as  long. 

Legs  very  long,  about  two-fifths  longer  than  the  thorax  is  wide;  coxse  nearly  as 
long  as  the  femora,  the  latter  with  swimming  fringes;  tibiae  shorter  than  femora  and 
three-eevenths  longer  than  tarsi.  The  tarsi  bear  two  inner  setae,  one  distal  to  the 
other;  tarsi  claw-like  and  well  developed. 

Abdomen  with  eight  distinct  segments,  narrowed  caudally,  ninth  and  tenth 
rudimentary.  The  first  seven  tergites  similar  and  each  divided  into  three  transverse 
folds,  while  the  intersegmental  membrane  has  only  one.  The  second  scutal  fold 
bears  a  transverse  row  of  four  small  tubercles.  Epipleurite  and  hypopleurite  each 
surmounted  by  a  small  tubercle,  not  distinctly  separated  but  together  forming  an 
elongate  lateral  lobe.  First  five  sternites  with  three  transverse  folds  and  a  longitudinal 
fold  on  ^ch  side  of  them.  Eighth  tergite  about  as  long  and  wide  as  the  interseg- 
mental membrane  preceding.  The  dorsal  region  represents  the  superior  valve  of  the 
stigmatic  atrium  and  bears  a  reduced  plate,  the  slender  anterior  arms  of  which  enclose 
a  median,  elongate,  non-chitinized  area.  The  caudal  margin  of  the  eighth  tergite 
is  minutely  crenate  towards  the  sides  and  is  rounded  in  the  middle.  The  rudiments  of 
the  four  lobes  found  in  other  Hydrophilinae  are  weakly  indicated.  There  are  two 
small  tubercles,  one  below  and  on  each  side  of  the  middle  lobe  of  this  hind  margin. 
Procerei  fleshy  and  quite  prominent.  The  mesocerci  are  fairly  prominent,  as  well  as 
the  acrocerci.  The  median  lobe  of  the  ninth  tergite  is  slightly  bilobed.  Lateral  lobes 
not  prominent.  The  prostyles,  belonging  to  the  tenth  segment,  are  nearly  as  long  as 
the  seventh  and  eighth  segments  together  (1.44  mm.)  and  are  superficially  annulate. 

Full-grown  Larva. — Length,  40-54  mm.;  width  at  the  first  abdominal  seg- 
ment, 9-12.5  mm.  General  color  grayish  or  dirty  whitish  except  reddish  brown  head, 
sclerites,  and  legs.  Head  6.5  mm.  wide;  5  mm.  long  below;  3.1  mm.  long  above. 
.Antennae  four-segmented,*  a  small  segment  about  one-third  the  length  of  the  third 
segment  having  appeared  between  the  first  and  second  segments  of  the  first-stage 
antenna.  Lateral  expansions  of  the  epistoma  not  prominent.  Mandibles  with  tips 
and  inner  teeth  blunt.  Terminal  segment  of  maxilla  only  about  half  the  penultimate 
in  length.  Ligula  dome-shaped,  much  shorter  than  the  first  palpal  segment,  which 
is  a  little  more  than  one-half  the  second  segment  of  the  maxillary  palpus.  Dorsal 
surfaces  of  the  mentum  and  palpiger  with  a  few  scattered  setae.     * 


'Matheson  described  a  pair  as  present  on  the  metathorax  also  but  none  were  seen  in  the  specimens 
which  I  cianiined. 

^D'Orchymont  considers  that  Schiodte  was  mistaken  when  he  called  the  antenna  of  Hydrous 
four-segmented.     There  are  surely  four  in  H.  triangularis. 
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Thoracic  segments  wider  than  the  head.  Folds  and  lobes  of  whole  body  much 
more  distinct  than  in  other  stages.  Legs  about  five-sixths  as  long  as  the  thorax  is 
wide.    Abdomen  spindle-shaped. 

Pupa. — Length,  24  mm.  with  cerci  (curled  up);  width  at  its  thorax,  14.5  mm. 
Whitish.  Head  smooth,  only  one  small  posterior  supraorbital  stylus  noted;  two 
small,  oval,  raised  areas  on  each  side  of  the  epicranial  suture  near  the  vertex.  Pro- 
notum  smooth,  its  cephalic  margin  concave.  Styli  arranged  as  follows:  three  long 
styli,  curving  backwards,  in  a  transverse  row  at  the  anterior  margin  on  each  side; 
eight  shorter  ones  near  the  posterior  margin,  besides  two  very  small  ones  just  inside 
the  inner  two  styli;  a  few  other  scattered  ones.  Mesonotum  and  metanotum  with  a 
pair  of  styli  in  a  transverse  row.  Scutellum  well  marked.  Metastemal  spine  long. 
Inner  spur  of  metatibi^e  very  prominent.  Metathoracic  legs  long  nearly  attaining 
the  end  of  the  body.  Tarsi  not  ending  in  prominent  spines  nor  tibise  spinous  on  the 
outer  side.  Metathoracic  pterothecse  visible  from  above.  First  to  seventh  ab- 
dominal tergites  with  a  transverse  row  of  four  styli,  the  outer  one  on  each  side  mounted 
on  a  tubercle.  The  styli  just  behind  the  spiracles  longer  than  the  others  and  curved 
backwards.  Second  to  seventh  pleurites  each  with  a  stylus.  Eighth  abdominal  tergite 
with  two  small  rounded  tubercles  at  the  posterior  margin  on  each  side  of  the  median 
line  and  each  bearing  a  short  terminal  stylus.  Ninth  abdominal  segment  terminating 
in  two  superficially  annulate  cerci  about  2.5  mm.  in  length  and  with  a  prominent 
short,  ventral  spine  between  their  bases.  Abdominal  spiracles  oval,  uncovered  and 
prominent  (second  to  sixth  visible). 


8.     HydrobiinsB 

Eggs  usually  enclosed  in  a  silken  case  with  a  prominent  projection  but  some- 
times laid  in  a  mass  with  a  loosely  applied  covering  of  silk  {Cymbiodyta  and  Para- 
cymus)  or  held  on  the  under  side  of  the  body  by  the  elytra  {Epimetopus,  Chcetarthria  ?) 
or  hind  legs  {Helochares). 

Larva  with  head  elevated.  Antennae  with  points  of  insertion  situated  farther 
from  the  extemo-frontal  angles  than  those  of  the  mandibles;  second  segment  with 
an  antennal  appendage.  With  or  without  an  epicranial  suture;  ocular  areas  flat, 
elongate,  in  groups  of  six,  closely  aggregated;  labrum  and  clypeus  both  reduced  and 
united,  the  anterior  margin  more  or  less  toothed;  mandibles  prominent,  sharply 
pointed  and  with  inner  teeth;  maxjllse  palpiform  and  stipes  with  a  rudimentary  inner 
lobe.  Labial  palpi  longer  than  in  other  subfamilies;  the  second  segment  distinctly 
longer  than  the  first.  Ligula  present  except  in  Berosus  and  Laccobius;  labiiun  and 
maxilke  inserted  at  the  front  margin  of  the  under  side  of  the  head*  and  not  attaining 
the  occipital  opening.  Eight  complete  abdominal  segments  and  a  rudimentary  ninth 
and  tenth;  the  chitinization  is  entirely  lacking,  except  the  dorsal  plate  of  the  eighth 
segment  and  chitinized  patches  on  the  praescuta.  Cerci  two-segmented  but  reduce  1 
(absent  in  Berosus).  Type  of  breathing  is  pseudo-metapneustic  except  in  Berosus, 
which  possesses  tracheal  gills  and  a  rudimentary  stigmatic  atrium.  All  genera  have 
poorly  developed  bifore  spiracles. 


>Ve8tige8  of  furrowed  condition  in  Berosus  and  Laccobius. 
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LACCOBIU8  Erickson 

This  genus  is  evidently  represented  by  one  species  and  a  variety  in 
New  York  Stat?  but  the  variety  has  not  been  described  to  date.  The 
more  common  or  silvery  species  is  apparently  the  one  which  Randall 
named  agilis  and  was  first  recorded  from  Maine.  The  other.,  which 
seems  to  be  a  new  variety,  is  less  common  and  of  a  general  brown  color 
lacking  the  pale  triangular  space  in  front  of  the  eye.  Both  species  seem 
to  have  a  great  diversity  in  size.  L.  agilis,  although  very  abundant  in  its 
habitat,  has  been  Uttle  collected  in  Ithaca,  only  three  specimens  having 
been  recorded  to  the  date  of  my  first  observations  in  the  fall  of  1913.  It 
is  found  frequently  in  Cascadilla  Creek  either  on  mud  flats  or  on  stone 
ledges  which  border  its  waters.  Specimens  are  most  easily  collected  by 
washing  the  vegetation  and  shore  with  the  creek  water,  using  the  hand  as 
a  dipper.  When  thus  disturbed,  the  little  beetles  will  be  noted  swimming 
speedily  towards  the  shore  and  presently  observed  burrowing  in  the  mud 
or  hiding  in  the  vegetation  until  they  are  entirely  concealed  from  view. 
The  most  abundant  vegetation  in  their  environment  seems  to  be  the  alga, 
Cladophoraj  which  is  especially  conmion  in  our  swiftly  flowing  streams. 

The  brown  variety  frequents  mud  holes  and  swampy  lands  but,  with 
that  exception,  its  habits  are  very  similar.  The  life  history  of  this 
genus  is  practically  un worked^  except  by  d*Orchymont,  who  gives  what 
he  considers  the  generic  larval  characters  of  Laccobius^  sp.  ?,  an  immature 
specimen  of  which  he  obtained.  This  is  accompanied  by  a  dorsal  view 
of  the  head. 

Laccobius  agilis  Randall 

Plate  IX 

The  egg-cases  of  the  brown  variety  have  not  been  taken  as  yet  in 
the  field  but  those  of  agilis  are  very  abundant  at  certain  seasons  of  the 
year.  They  have  been  collected  in  April,  May,  June,  and  July.  The  most 
natural  place  for  the  cases  is  apparently  at  the  water  line  in  Cladophora 
or  attached  to  the  roots  or  blades  of  grass.  They  are  frequently  attached 
to  the  rock-ledge  itself  and,  in  such  condition,  are  hard  to  remove  with- 
out breaking  open  the  case. 


'Dr.  Adam  B6ving,  however,  gave  me  the  following  data  as  to  the  rearing  of  Laccobius  •  '*Dr. 
Wesenberg-Lund  has  not  yet  publisned  anjrthing  about  it;  Schlick  has  published  a  note  in  the  Danish 
Entomologiake  Meddeldser  Vol.  4,  1894,  p.  304  and  also  in  a  later  volume,  as  far  as  I  remember  Vol.  6; 
in  the  same  periodical  Vol.  5, 1895,  p.  12,  you  will  find  a  note  that  E.  Rosenberg  has  taken  and  reared  the 
Laccobius  larva  to  adult." 

'It  differs  mainly  from  L.  agilis  in  that  the  right  mandible  possesses  only  two  inner  teeth.  This 
s  also  true  of  the  undescribed  larva  of  L.  minutua. 
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From  two  to  eleven  eggs  are  in  each  case  and  these  hatch  in  seven 
to  eleven  days.  When  leaving  the  case,  the  larva  seems  to  select  no 
particular  place  of  exit.  Specimens  have  been  noticed  emerging  from  a 
hole  in  the  egg-case  proper;  others  from  an  opening  made  at  the  outer 
edge  of  the  basal  cavity  of  the  filament  (see  Plate  IX).  Many  larvae 
have  been  collected.  They  may  be  observed  on  the  Cladophora  and 
stones  just  where  the  water  laps  the  shore,  half  in  water  and  half  out, 
as  is  the  customary  position  of  most  pseudo-  and  metapneustic  Hydro- 
philidse.    The  number  of  instars  seems  to  be  three. 

About  the  middle  of  June  1915  several  fairly  mature  larvae,  which 
were  hatched  from  eggs  taken  April  29,  were  placed  in  the  usual  terra- 
rium  but,  as  they  did  not  seem  quite  ready  for  pupation,  they  were 
replaced.  On  June  22,  while  on  a  special  trip  to  the  best  collecting 
grounds  of  Laccohius,  about  fifteen  larvae  were  taken.  The  largest  of 
these  were  placed  in  the  terrarium  at  the  same  time  as  one  of  the 
reared  larvae  but  in  different  receptacles.  On  the  morning  of  June  30 
one  of  the  latter  lot  had  pupated  as  well  as  one  of  the  larvae  of  April 
29.  Upon  comparing  the  larval  skins  and  pupae,  they  proved  to  be 
identical  and,  so,  one  pupa  was  allowed  to  come  through  but  the  other 
was  preserved  with  its  larval  skin.  Thus,  the  complete  life  history  was 
secured.  One  of  the  larvae  pupated  on  the  surface  of  the  earth,  while  the 
other  made  a  cell  (6  mm.  long,  3  mm.  wide,  and  3  mm.  deep),  just  below 
the  surface.    The  dates  of  development  were  as  follows: 

April  29,  egg-case  found;  May  4,  larvae  hatched;  June  30,  pupated; 
July  3,  adult  emerged. 

Soon  after  emerging  the  adult's  head,  prothorax,  and  scutellum  were 
colored  very  dark  green,  except  the  lateral  margins  of  the  pronotum, 
which  were  silvery  gray  with  dark  green  or  blackish  spots  sparsely 
distributed.  The  coxae,  trochanters,  and  femora  were  gray,  but  the  tibiae 
and  tarsi  were  luteous.  The  exact  time  before  complete  coloration  took 
place  was  not  noted,  but  it  was  longer  than  with  other  species. 

Egg-case,  without  its  filament,  nearly  spherical,  often  a  little  broader  than 
long,  its  size  varying  as  does  that  of  the  filament.  Measurements  show  the  case 
proper  to  be  from  1.4-1.6  mm.  in  diameter  and  the  filament  from  7-10  mm.  in  length. 
The  latter  is  continuous  with  the  covering  of  the  case  and  is  therefore  hollow,  the 
cavity  at  its  base  being  quite  large,  as  figure  11,  Plate  IX,  indicates. 

Newly  Hatched  Larva. — Length,  2  mm.;  width,  0.288  mm.  Whitish  (trans- 
parent at  first),  except  the  chitinous  portions,  which  are  light  brown  darkening  with 
age.    Integument  dotted  with  slightly  recurved  spines  arising  from  minute  tubercles. 

Head  quadrangular,  elevated  slightly;  labro-clypeal  suture  weakly  indicated  by 
a  crease  in  the  integument;  frontal  sutures  parallel,  extending  to  the  caudal  margin 
of  the  head  and  not  uniting  to  form  the  epicranial  suture;  frons  quadrangular;  hypo- 
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stomal  margin  prominent  and  there  is  a  furrow  in  front  of  it  but  the  labnun  and 
maxilke  are  united  at  the  anterior  margin;  gula  reduced;  the  gular  sutures  fairly 
prominent  and  confluent  and  its  anterior  margin  with  two  long  setse  on  each  side  of 
its  median  line.    The  cervical  scierites  present. 

Labro-clypeus  asymmetrical,  irregularly  toothed  in  the  middle  with  three  teeth 
and  with  two,  prominent,  blunt  set®  projecting  from  the  ventral  side.  Lateral 
expansions  of  epistoma  differing  greatly;  the  right  rounded,  overlapping  the  base  of 
the  right  mandible;  the  left  overlapping  the  left  mandible  and  roimded  but  bearing 
a  row  of  stout  set«  which  become  shorter  toward  the  median  line  (five  or  six  are  very 
prominent). 

Ocular  areas  in  groups  of  six  but  rather  indistinct.  They  are  arranged  in  two 
parallel  rows,  the  outer  one  of  the  posterior  row  a  little  out  of  line  and  more  anterior. 

Antennse  fairly  stout;  the  first  segment  about  two-thirds  as  long  as  the  second, 
slightly  constricted  in  the  middle  and  bearing  at  least  two  dorsal  sensory  pits;  second 
swollen  a  little  and  bearing  a  small,  colorless,  finger-like  antennal  appendage  in  addi- 
tion to  the  sense-cones  at  the  latter's  base,  and  a  long  inner  seta,  arising  from  a 
tubercle,  as  weU  as  a  few  less  prominent  ones;  third  segment  very  small,  almost  as 
wide  as  long,  a  little  longer  than  the  appendage  of  the  second  segment,  and  bearing 
three  long  seta  and  several  sense-cones  at  its  extremity. 

Mandibles  asynmietrical,  fairly  prominent  and  stout,  sharply  pointed  at  their 
tips,  and  toothed  on  the  inner  side;  right  mandible  bears  three  inner  teeth,  decreasing 
in  size  from  the  cephalic  to  caudal  one;  the  left  has  two  toothed  areas  on  the  inner 
side,  both  of  which  present  a  pectinate  region  dorsally,  in  addition  to  a  tooth. 

Maxillae  with  joint-like  palpifer;  stipes  large,  swollen,  tapering  slightly  from  base 
to  apex,  longer  than  the  palpifer  and  palpus  together  and  its  inner  surface  provided 
with  short,  stiff  setae,  and  several  longer  stout  setse  at  intervals;  the  more  slender 
setae  are  present  at  the  extemo-distal  angle;  palpifer  small,  a  little  wider  than  long, 
bearing  an  inner  rudimentary  lobe,  possessing  a  seta  and  sense-cones,  below  which  is 
a  slender  seta;  palpus  with  first  segment  about  one-half  the  second  while  the 
third  is  a  little  longer  than  the  first  two  and  more  slender  and  more  cylindrical;  the 
terminal  segment  possesses  a  group  of  sense-cones  at  its  tip;  articulating  piece  of 
maxilla  well  developed. 

Labium  small  and  with  only  its  palpi  exceeding  the  labro-clypeus;  mentum 
and  palpiger  very  small;  both  segments  of  the  palpus  are  cylindrical,  the 
second  about  three  times  as  long  as  the  first,  more  slender  and  with  its  tip  possessing 
a  nimaber  of  sense-cones;  ligula  absent;  palpiger  has  two  setae  on  its  anterior  border 
near  the  median  line;  submentum  very  indistinct. 

Prothorax  very  slightly  narrowed  in  front,  larger  than  the  head;  pronotum 
entirely  chitinized,  except  the  sagittal  line,  with  a  transverse  row  of  setae  (about  ten) 
just  a  little  posterior  to  the  cephalic  margin,  several  others  on  the  sides.  Meso-  and 
metathorax  a  little  wider  and  shorter  than  the  prothorax.  Mesoscutum  and  meta- 
scutum  both  represented  by  two  subtriangular  and  very  much  reduced  scierites,  each 
having  a  seta  in  their  caudo-medial  angle.  The  mesonotum  has  two  smaller  oval 
scierites*  just  lateral  of  the  median  line  and  posterior  to  the  cephalic  margin.  The 
spiracle  at  the  tip  of  a  little  conical  tubercle^  in  each  antero-lateral  angle  of  the  meso- 
thorax  two-fifths  as  long  as  the  thorax  is  wide. 

^Probably  homologous  with  the  cervical  scleritee. 
Tracheo-branchies  of  d'Orchvmont. 
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Legs  fairly  long,  with  tibiae  nearly  as  long  as,  but  a  little  more  slender  than,  the 
femora;  femora  shorter  than  the  small  coxse;  tarsi  well  developed,  claw-like,  almost 
as  long  as  the  tibise,  with  two  inner  sets  one  distal  to  the  other. 

Abdomen  with  eight  prominent  segments,  slightly  narrowed  caudally,  ninth  and 
tenth  rudimentary.  The  first  seven  similar,  each  with  two  very  much  reduced,  oval, 
chitinized  patches  on  the  prsescutum  near  the  cephalic  margin  on  each  side  of  the 
median  line,  and  four  prominent  tubercles  in  a  transverse  line  across  the  posterior 
fold  of  the  scutum,  each  bearing  a  seta.  Each  tergite  seems  to  consist  of  a  prsescutum, 
scutum  divided  into  two  transverse  folds  and  posteriorly  a  very  narrow  scutellar  fold 
that  continues  to  the  spiracular  part  of  the  tergite;  stemites  have  similar  correspond- 
ing folds.  The  eighth  tergite  represents  the  superior  valve  of  the  stigmatic  atrium, 
bears  a  large  chitinous  plate, ^  which  is  about  as  broad  as  long.  The  caudal  border 
of  the  valve  is  chitinized  in  part,  possesses  sets  and  presents  a  bilobed  appearance. 
Procercus  onensegmented,*  subcorneal  with  a  chitinous  band  on  the  inside  and  a 
group  of  three  set«  arising  dorsally  from  tubercles  on  the  apical  half.  Mesocercus 
two-segmented  and  chitinous,  the  first  segment  elongate,  dome-«haped,  bearing  a 
central  dorsal  seta;  the  second  very  small,  papilliform,  and  bearing  a  terminal  seta. 
Between  these  two  segments  in  the  membrane  there  are  several  sense-cones. 

Ninth  tergite  is  divided  into  three  lobes,  two  lateral  and  one  median.  The 
median  lobe  is  irregularly  dome-«haped  with  a  chitinous  plate  nearly  covering  the 
upper  surface  while  the  lateral  lobe  possesses  a  chitinous  region  from  which  arises  two 
setae  mounted  on  tubercles.  Two  pairs  of  setae,  arising  from  tubercles,  are  present 
on  the  membranous  area  just  lateral  to  the  plate,  the  anterior  pair  being  contiguous 
with  the  plate.  A  ventral  pair  may  be  seen  through  the  membrane,  anterior  and  in 
line  with  the  other  two.  Acrocercus  present  on  the  under  side  of  the  lateral  lobe  and 
terminates  in  two  setae  mounted  on  tubercles. 

Full-grown  Larva. — Length,  5.8  mm.;  width  at  the  second  to  fourth  ab- 
dominal segments,  1.5  mm.  The  general  color  is  grayish  brown  or  dirty  white.  The 
head,  which  is  0.3  mm.  in  length  and  a  little  less  in  width,  is  often  retracted  under  the 
pronotum  as  far  as  the  ocular  areas.  First  segment  of  antenns  little  less  than  the 
second  in  length.  Finger-like  appendage  of  second  segment  about  one-half  the  size 
of  the  third,  which  has  become  more  elongate.  Mandibles  much  stronger.  The 
smallest  inner  tooth'  of  right  mandible  is  smaller  in  comparison  with  the  other  teeth. 
Maxillae  more  developed;  stipes  larger  and  considerably  longer  than  palpus  and  pal- 
pifer  together.  Legs  not  as  long  as  thorax  is  wide.  Viewed  from  the  side,  there  seem 
to  be  three  lateral  regions  or  tubercles  on  each  abdominal  segment;  the  dorsal  and 
ventral  lateral  regions  of  the  intersegmental  membrane  are  reduced  so  that  only  the 
middle  one  is  prominent. 

Pupa. — Length,  3.6  mm.  (curled  up) ;  width  at  its  thorax,  2.9  mm.  Whitish. 
Head  smooth  and  bears  two  supraorbital  styli  on  each  side.  Pronotum  smooth,  its 
cephalic  margin  lobe-like  in  the  middle.  The  styli  are  arranged  in  transverse  rows  as 
follows:  ten  at  the  anterior  margin,  four  in  the  middle  at  the  posterior  margin,  the 
two  middle  ones  being  shorter  than  the  other  eight  and  the  most  lateral  one  on  each 


^A  central  ooloriem  seta  noted  in  some  specimens  and  in  L.  minutut  the  anterior  border  of  the 
plate  is  emarginate. 

'D'Orchymont,  because  a  terminal  pai)illiform  tubercle  bearing  a  seta  is  present,  considers  that 
it  may  be  two-segmented.    The  condition  in  Hydrophilug  obtnsatus  tends  to  verify  his  opinion. 

'Indicates  a  tendency  to  disappear.    lAiecobiua  miniUtis  has  only  two  inner  teeth  on  right  mandible. 
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side  a  little  anterior.  Mesonotum  and  metanotum  with  a  pair  of  transverse  sty  11. 
Inner  spur  of  metatibia  fairly  prominent.  All  tarsi  ending  in  a  spine  and  all  tibiae 
spmous  on  the  outer  side.  First  to  seventh  tergites  with  a  transverse  row  of  four 
subequal  styli;  the  outer  one  on  each  side  arising  from  prominent  tubercles;  second 
to  seventh  plenrites  each  with  a  stylus;  eighth  segment  has  two,  small,  cereal-like 
lobes,  projecting  dorsally.  Ninth  segment  has  a  pair  of  cerci,  which  are  about  four 
times  as  long  as  the  latter  lobes  and  project  backwards,  diverging  about  45*^.  The 
extemo-caudal  angles  of  the  ninth  segment  are  prominent  and  acute.  The  spiracles 
are  exposed  and  well  defined. 

BIE08U8  Leach 

Schiodte  gave  the  complete  life  history  of  B,  spinosus  and  later  the 
larval  differences  of  B.  signaticollis.  Brocher  described  the  egg-case 
and  young  larva  of  B,  cericeps  (  =  signaticoUis)  and,  although  he  did  not 
rear  it,  considered  that  it  could  be  no  other  species  because  of  its  size. 

At  least  two  species,  B.  peregrinus  and  B.  striatuSy  occur  in  the 
vicinity  of  Cayuga  Lake  and  doubtless  others  would  be  found  if  more 
time  could  be  devoted  to  their  study.  These  two  are  fairly  distinct; 
the  latter  is  separated  from  the  former  by  its  usually  larger  size  and  by 
the  two  small  teeth,  instead  of  only  one,  at  the  middle  of  the  notch  of  the 
fifth  abdominal  stemite.  The.carination  of  the  abdominal  sternites  of 
the  male  peregrinuSj  often  used  as  a  character  of  separation,  seems  to  be 
quite  variable  in  the  specimens  examined. 

The  beetles  may  be  taken  from  early  spring  until  late  fall  but  are 
most  frequent  in  May  and  late  August.  They  are  hardly  ever  taken  in 
swift  waters  but  inhabit  small  pools  with  an  abundance  of  moneywort, 
Charay  Elodea,  cut-grass,  alga,  etc.  The  fact  that  they  are  good  swimmers 
requires  the  use  of  nets,  in  contrast  to  hand  collecting  so  profitable  for 
most  of  the  other  genera.  The  net  must  be  drawn  through  the  water 
rapidly  for,  as  soon  as  disturbed,  the  beetles  quickly  dodge  down  to  the 
bottom  of  the  pool  and  in  a  moment  are  buried  in  the  mud.  At  times 
many  specimens  may  be  gathered  by  pulling  the  vegetation  out  of  the 
water  quickly  and  looking  it  over  carefully.  They  do  not  easily  escape 
when  thus  taken,  as  they  are  very  clumsy  when  out  of  water. 

In  the  aquarium,  they  were  observed  feeding  on  the  decaying  leaves 
of  moneywort,  attacking  both  the  upper  and  under  side  and  Wting  holes 
entirely  through.  While  watching  them  feeding,  a  peculiar,  almost 
incessant  action  was  noted.  The  beetles,  holding  on  to  the  plants  with 
their  two  anterior  pairs  of  legs,  kept  sweeping  the  swimming  hairs,  which 
fringe  the  tarsi  and  tibiae  of  the  hind  legs,  down  and  forward  across  the 
film  of  air  covering  the  abdomen.    Just  what  the  function  of  such  a 
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procedure  may  be  is  a  question.  Possibly  it  may  serve  to  aerate  the  film 
of  air,  thus  accounting  for  their  ability  to  remain  below  the  surface 
almost  indefinitely.  Stridulation  is  very  pronounced  and  Brocher 
considered  it  in  detail. 

About  thirty  egg-cases  were  laid  the  middle  of  April  in  the  aquarium 
on  alga  and  moneywort  below  water.  They  somewhat  resembled 
miniature  chestnuts  in  form,  and  each  contained  from  two  to  four  eggs. 

The  first  egg-cases  noted  out  of  doors  were  found  May  9  in  a  small 
pool  on  South  Hill.  The  submerged  Carex  was  spotted  with  the  white 
cases  and  apparently  the  dead  plants  were  preferred.  In  a  pool  where  no 
vegetation  was  present  the  cases  were  laid  upon  the  under  side  of  sticks 
and  stones.  Although  more  abundant  in  the  egg-laying  seasons,  com- 
mon to  the  family,  yet  the  cases  were  found  during  the  entire  summer. 

The  larvffi  on  hatching  break  through  the  case  at  no  particular 
place.  However,  the  most  common  point  of  exit  was  between  the  base 
of  the  flap  and  the  cap.  The  larvae  were  very  weakly  chitinized  in  com- 
parison with  the  larvae  of  other  genera.  They  spend  most  of  their  time 
crawling  through  the  strands  of  algae  or  in  the  debris  at  the  bottom  of  the 
aquarium.  The  larvae  are  the  most  difficult  of  the  whole  family  to  locate, 
due  primarily  to  the  fact  that  they  breathe  by  gills.  They  live  at  the 
bottom  of  the  ponds  and  farther  from  the  shore  than  is  the  custom  of  the 
other  larvae.  The  debris  clings  to  them  and  they,  therefore,  closely  re- 
semble their  surroundings. 

Berosus  peregrinus  Herbst 

Plate  X 

Several  egg-cases  of  B.  peregrinus  were  found  the  latter  part  of 
July  and  the  spinning  and  egg  laying  proceeded  in  the  following  order. 

1.  An  under  layer  of  compact  silk,  composed  of  criss-cross 

strands,  laid  down  continuous  with  the  flap. 

2.  One  egg  deposited  lengthwise  towards  one  side  and  covered 

with  a  loosely  applied  silk. 

3.  Second  egg  placed  near  the  opposite  side,  parallel  to  the 

first  egg  and  covered  with  a  loosely  applied  silk. 

4.  Third  egg  laid  between  the  first  two  eggs. 

5.  A  cap  of  compact  silk,  composed  of  criss-cross  strands  of 

silk  laid  tightly  over  the  egg-case  proper. 
Egg-cabe,  as  a  whole,  somewhat  chestnut-shaped.     The  cap  end  is  flat  with  a 
narrow  flare  outside  the  egg-case  proper;  and  the  cap,  which  covers  this  surface,  is 
continuous  with  the  slender  filament  that  extends  upwards.    The  other  end  is  rounded. 
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The  case  proper  measures  1.6  mm.  high,  1.2  mm.  wide,  and  0.323  mm.  long.  The  fila- 
ment averages  about  4.5  mm.  long,  its  width  of  0.13  mm.  is  usually  constant  and  its 
sides  are  parallel. 

Newly  Hatched  Larva. — Length,  1.9  mm.;  width  at  its  thorax,  0.32  mm. 
Whitish,  with  chitinized  areas  very  shghtly  hght  yellowish.  Integument  dotted  with 
minute  set®. 

Head  ovate,  elevated;  fronto-clypeal  suture  very  indistinct;  labro-clypeal 
suture  fairly  well  indicated;  frontal  sutures  gradually  converging  as  far  as  the 
posterior  third  and  then  shghtly  diverging,  not  uniting  to  form  an  epicranial  suture; 
gula  reduced,  polygonal,  posteriorly  somewhat  rounded;  gular  sutures  contiguous  for 
a  long  distance;  labium  and  maxilla  inserted  at  the  anterior  margin  of  the  head  but 
the  signs  of  the  groove  are  still  present  and  the  hypostomal  margin  distinctly  marked 
off;  cervical  sclerites  present. 

Labro-clypeus  small,  projecting  forward  rather  prominently,  arched,  with  seven 
small  teeth  and  four  equidistant  sets.  Lateral  expansions  of  epistoma  differ  greatly; 
the  right  rounded,  reduced  and  not  exceeding  the  labro-clypeus;  the  left  prominent, 
exceeding  the  latter,  rounded  and  bearing  a  row  of  setae  on  its  anterior  margin. 

Ocular  areas  in  groups  of  six  and  closely  aggregated,  oval,  arranged  somewhat  in 
a  circle,  each  area  equidistant  from  the  other  except  the  sixth  area  which  is  about 
twice  the  distance  from  the  first  area  than  it  is  from  the  fifth. 

Antenns  short,  not  exceeding  the  mandibles,  with  their  points  of  insertion  widely 
separated  but  inside  those  of  the  mandibles;  first  segment  a  httle  longer  than  the 
second,  constricted  at  its  basal  half  and  with  a  small  finger-hke  appendage,  provided 
with  colorless  apical  setse,  at  its  intemo-frontal  angle;  second  segment  swollen,  only 
slightly  narrowed  distally  and  bearing  a  small,  colorless,  finger-hke  antennal  appen- 
dage, which  is  nearly  as  long  as  the  third  segment;  the  latter  small,  a  httle  longer 
than  wide,  and  with  terminal  setse  and  sense-cones. 

Mandibles  asymmetrical,  prominent,  sickle-shaped,  sharply  pointed  at  their  tips, 
and  toothed  on  the  inner  side;  right ^  mandible  with  two  inner  teeth,  the  distal  tooth 
much  larger  than  the  proximal  one,  and  the  vestige  of  a  third  more  proximal  tooth 
apparently  represented  by  a  minute  spine;  left  mandible  shghtly  notched  on  the 
inside  towards  the  tip  and  with  a  comph'cated  set  of  inner  teeth,  the  distal  one  the 
largest  and  triangular;  molar  area  with  a  small  distal,  spine-like  projection. 

Maxilke  with  joint-like  palpifer;  stipes  large,  swollen,  tapering  very  shghtly, 
longer  than  the  palpifer  and  palpus  together  and  its  inner  surface  provided  with  a  row 
of  five,  stout,  equidistant  setse;  two  slender  setse  near  the  extemo-distal  angle;  pal- 
pifer short,  much  wider  than  long,  bearing  an  inner  rudimentary  lobe,  provided  with  a 
long  seta  and  a  sense-cone,  below  which  is  a  stout  seta;  palpus  tapering;  the  first 
segment  only  about  one-half  the  palpifer  in  length;  the  second  much  longer  and  with 
an  extemo-distal  seta;  terminal  segment  two-sevenths  shorter  than  the  latter  and 
with  distal  sense-cones,  in  addition  to  an  inner  seta. 

Labium  small,  with  only  the  palpi  exceeding  the  labro-clypeus;  submentum 
small  and  transverse;  mentum  transverse  with  its  anterior  angles  rounded;  palpiger 
rather  quadrate,  narrower  than  latter  and  about  the  same  length,  slightly  divjded 
anteriorly  in  the  middle  and  each  half  bears  the  two-segmented  palpus;  first  segment 
of  latter  short,  the  second  segment  nearly  three  times  as  long  and  with  terminal  setse; 
ligula  absent. 

IB.  spinoaua  has  a  similar  right  mandible. 
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Prothorax  rounded  at  the  sides,  about  the  same  width  as  the  head;  anterior  and 
posterior  of  pronotum  non-chitinized;  rest  weakly  chitinized  except  along  the  sagittal 
line;  prostemum  weakly  chitinized  in  front  of  the  coxae;  meso thorax  and  metathorax 
about  equal  to  each  other  in  size,  shorter  but  shghtly  wider  than  the  prothorax. 
Sclerites  are  not  discernible.  The  pleural  lobes  are  each  surmounted  by  a  seta  arising 
from  an  elongate  cylindrical  structure  (see  figure  5,  Plate  X).  A  spiracle  present  in 
each  extemo-frontal  angle  of  the  mesothorax. 

Legs  long,  about  one-half  again  as  long  as  the  thorax  is  wide;  coxae  transverse; 
femora  and  tibiae  about  the  same  length;  tarsi  well  developed,  claw-like,  one-fourth 
shorter  than  the  tibiae  and  with  two  inner  setse.  The  two  anterior  coxae  are  closer 
together  than  the  four  posterior  coxae,  which  are  about  the  same  distance  apart. 

Abdomen  y^'hh  eight  distinct  segments,  narrowed  and  slightly  lengthened  pos- 
teriorly, flattened  above  and  arched  below.  Thr  first  seven  tergites  similar;  indis- 
tinctly divided  into  two  folds,  while  the  intersegmental  membrane  has  only  one  fold; 
each  pleurite  protrudes  and  bears  a  long,  slender,  tracheal  gill,  the  length  of  these 
seven  pairs  of  gills  increases  posteriorly.  The  second  scutal  fold  has  a  transverse  row  of 
four  setae,  each  arising  from  an  elongate  cylindrical  structure  (similar  to  those  on  the 
pleurites  of  the  thorax).  Another  seta,  ^ith  such  a  structure  at  its  base,  present  on 
the  dorsal  side  of  each  gill  and  slightly  removed  from  the  base  of  the  gill.  Spiracles 
are  at  tip  of  small  tubercles.  The  stemites  have  similar  folds  but  no  tubercles  are 
discernible.  Eighth  segment  short,  cylindrical  and  with  two  small  spiracles^  on  the 
middle  of  its  dorsal  surface  and  a  few  posterior  setae.  The  anus  terminates  this  seg- 
ment. 

Full-grown  Larva. — Length,  5.6  mm.  (not  coimting  the  gills);  width  at  the 
second  abdominal  segment,  1.68  mm.  Pale  yellowish  with  chitinized  areas  yellowish 
brown.  Head,  0.576  mm.  wide,  0.36  mm.  along  the  mid-dorsal  Une.  First  antennal 
segment  much  longer  and  about  one-half  again  as  long  as  the  second  segment. 
The  whole  antenna  more  slender.  Labium  very  indistinct.  Body  gradually  widened 
as  far  as  the  second  abdominal  segment  and  then  narrowed.  Segmentation  is  much 
more  pronounced  as  is  the  chitinization  also.  Mesothorax  with  two  reduced  sub- 
triangular  sclerites.  Two  small  horizontal  pro-mesotergal  sclerites  present.  Meso- 
thoracic  spiracles  distinct  and  meso-  and  metapleurites  each  with  a  prominent  wart- 
like tubercle  corresponding  in  position  to  the  gills  of  the  segments.  Praescuta  of  meta- 
thorax and  first  four  abdominal  segments  visible.  Legs  much  shorter,  not  as  long  as 
the  thorax  is  wide. 

Peculiar  structures  noted  at  base  of  setae  on  posterior  fold  of  abdominal  scuta 
replaced  by  small  but  distinct,  rounded  tubercles.  The  gills  are  much  shorter  in 
proportion  to  the  body  and  possess  no  dorsal  seta  near  their  bases. 

Pupa. — The  characters  used  by  Schiodte  in  his  pupal  key  are  as  follows: 
"Motory  styli  of  abdominal  tergites  in  fours;  abdominal  tergites  with  a  small 
lateral  tubercle  on  each  side;  spiracles  not  concealed;  abdominal  pleurites  not 
distinctly  separated  from  the  tergites;  styli  of  pleurites  very  short  and  conical; 
lateral  styh  of  abdominal  tergit^  very  long  and  slender;  prothoracic  styli  long  and 
slender;  cerci  elongate,  tapering,  crooked  and  distally  multiannulate."  The  figure 
shows  twenty-six  pronotal  setae  or  two  more  than  is  characteristic  of  the  Hydrobiinae. 


iThe  position  of  these  spiracles  recalls  the  position  of  those  found  in  the  pseudo-metapneustic 
Hydrophilidte  and  probably^ndicates  the  degeneration  of  that  type. 
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Berosus  striatus  Say 

The  stages  of  this  species  are  verj'  close  in  form  to  those  of  B\  pere- 
grinus  and  a  separate  description  is  unneeessar>^  The  left  mandible  of 
the  larva  is  quite  similar  to  that  of  peregrtnus  but  the  right  one  has  only 
the  distal  inner  tooth  well  developed.  The  other  two  teeth  are  very 
rudimentary.  As  both  the  species  belong  to  the  same  subgenus,  Berosus, 
this  character  evidently  is  not  one  of  subgeneric  significance.  Larvae 
in  the  National  Museum  of  B,  cenceps  (=  signaticollis  Charp.),  which 
belongs  to  the  same  subgenus,  possess  the  peregrinus  type  of  mandible 
but  have  the  labro-clypeus  untoothed,  rounded  and  short.  The  labro- 
clypeus  of  B,  striatus  is  similar  to  peregrinus  but  the  number  of  teeth 
varies  from  three  to  six. 

Chjbtabthbia  Stephens 

Four  species  have  been  described  from  this  country.  C.  atra  LeConte, 
1883,  however,  is  the  local  species  near  Cayuga  Lake  and  is  very  rare. 
In  the  field  it  could  easily  be  mistaken  for  Ancama  and  Paracymus  but  is 
usually  smaller  and  noticeably  hemispherical  in  shape.  Closer  examina- 
tion clearly  distinguishes  it.  The  first  segment  of  the  antennae  is  elon- 
gate and  flattened.  The  ventral  plates,  fringed  with  appressed  setae  and 
concealing  the  first  two  abdominal  stemites,  constitute  the  most  striking 
characters  of  this  genus. 

The  life  history  has  not  been  observed.  The  structure  of  the 
abdomen  possibly  indicates  that  the  egg-cases  may  be  held  on  the 
ventral  side  of  the  female,  somewhat  in  the  same  manner  as  in  Epime- 
topus. 

Hydeobius  Leach 

One  experiences  little  difficulty  in  separating  H.  fuscipes  and  //. 
globosus,  the  two  species  which  are  present  in  the  Cayuga  Lake  basin. 
As  the  name  globosus  suggests,  this  member  is  strikingly  globular  in  form, 
while  fuscipes  is  much  flatter  and  more  elongate.  Both  are  almost 
entirely  black  in  color  but  the  reddish  brown  legs  of  fuscipes  are  char- 
acteristic of  that  species.  They  are  not  very  often  taken  together,  al- 
though they  have  been  recorded  from  similar  habitats.  H.  globosus 
seems  to  prefer  the  banks  of  rapidly  flowing  streams  or  spring-fed  pools, 
filled  with  leaves  or  vegetation,  while  fuscipes  abounds  more  often  in 
stagnant  waters.  However,  where  the  leaf-filled  pools  tend  to  become 
stagnant  both  species  usually  occur.  • 
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Only  the  life  histoty  of  the  holarctic  species,  fuscipeSy  has  been 
worked  out  but  many  authors  have  written  about  it.  Cussac,  1855, 
gave  the  first  account  of  the  egg-case  and  Schiodte,  1862,  added  the  re- 
maining stages.  Miall,  1895,  contributed  an  interesting  account  of  its 
biology  but  Balfour-Browne,  1910,  must  be  credited  with  the  most  com- 
prehensive treatise  on  the  species.  As  yet,  a  complete  description  of  the 
pupa  has  not  been  presented. 

The  egg-cases  of  both  species  are  the  first  of  the  family  to  be  ob- 
served in  the  spring.  The  earliest  record  was  April  16  for  H.  fuscipes. 
The  egg-laying  continues  in  full  force  until  the  cases  of  Tropisternm 
and  various  others  begin  to  appear.  Then  a  diminishing  in  the  number 
of  cases  takes  place.  However,  the  cases  may  be  taken  all  through  the 
summer  and  the  middle  of  August  brings  the  greatest  number  again. 
This  latter  statement  is  practically  true  of  globosus  also.  The  cases  of 
fusdpes  are  more  frequently  found  away  from  the  bank,  attached  to 
floating  vegetation,  while  those  of  globosus  are  placed  in  moss  or  in  mud 
at  the  shore-line  and  usually  entirely  concealed,  except  the  cap  end. 

Hydrobius  globosus  Say 
Plate  XI 

In  contrast  with  fusdpes ,  H.  globosus  is  uniformly  abundant  through- 
out the  entire  summer.  Adults  gathered  in  the  spring  were  placed  in  an 
aquarium-terrarium.  On  April  16  several  cases  were  observed  buried 
in  the  mud  away  from  the  water-line  and  only  the  cap  and  flare  were 
showing.    To  the  casual  observer  this  white  silk  would  resemble  mould. 

The  next  day  one  of  the  specimens  was  seen  working  on  an  uncom- 
pleted egg-case.  The  cap  had  not  been  made  and  there  were  only  nine 
or  ten  eggs  within  it.  Upon  being  disturbed,  the  beetle  stopped  spin- 
ning but  almost  immediately  recommenced.  More  eggs  were  being  laid 
and  this  process  was  interrupted  only  when  the  beetle  wished  to  apply 
the  inner  loose  covering  of  silk.  This  process  of  adding  the  full  comple- 
ment of  eggs  required  about  half  an  hour  and  another  half-hour  was  spent 
in  sealing  up  the  opening.  It  took  over  an  hour  to  make  the  broad  flare 
and  nearly  an  additional  hour  adding  silk  here  and  there,  apparently 
making  sure  the  case  was  properly  sealed.  Not  only  did  it  complete  this 
one  case  but  another  smaller  case  was  soon  formed  next  to  it  and  the 
flares  of  both  fastened  together. 

The  number  of  eggs  varies  from  thirteen  to  twenty-five  but  the 
average  number  is  twenty.  The  young  larvae  come  out  the  qap  end, 
breaking  through  rather  than  pushing  off  the  cap.   No  attempt  was  made 
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to  rear  any  of  them  but  they  were  ver>'  cannibalistic,  constantly  attack- 
ing each  other.  About  twenty-five  were  left  for  several  days  in  the  same 
jar  and  only  one  larva  survived.  Some  fed  readily  on  the  Cyclops  in 
the  jar  but  they  were  too  ravenous  to  be  satisfied. 

A  number  of  larvse,  apparently  full  grown,  were  placed  in  terraria 
but  they  would  not  transform.  They  burrowed  down,  making  galleries 
all  through  the  earth,  and  even  formed  cells  but  never  pupated.  There 
they  lived  for  several  months  without  food.  All  stages  were  found 
throughout  the  sunruner  and,  in  early  spring,  the  partly  grown  larvae 
were  frequently  taken  under  stones,  leaves,  or  in  moss.  There  they 
were,  half  in  water  and  half  out,  lying  in  wait  for  then*  prey. 

Egg-case,  proper,  nearly  spherical  and  about  4  mm.  in  diameter.  A  flat,  round 
cap  closes  the  upper  end  of  the  case  and  it  measures  2  mm.  across.  The  flare,  which  is 
continuous  with  the  cap,  varies,  but  one  half  of  it  is  usually  quite  broad  while  the 
other  half  is  narrow. 

Newly  Hatched  Larva. — Length,  4.5-5  mm.;  width  at  the  thorax,  0.7-0.8 
mm.  Whitish,  with  light,  yellowish  brown,  chitinized  areas.  The  integument  is 
covered  with  small,  fine,  brown,  set*. 

Head  quadrangular,  0.6  mm.  wide  and  0.528  mm.  along  the  mid-dorsal  line; 
fronto-clypeal  suture  weakly  indicated;  frontal  sutures  irregular  but  converging 
gradually  and  uniting  to  form  a  short  epicranial  suture;  frons  shaped  somewhat  like 
an  arrow-head;  cervical  sclerites  present;  gula  reduced,  pentagonal,  rounded  pos- 
teriorly; the  gular  sutures  prominent  and  confluent;  articulating  mJEixillary  piece 
distinct. 

Labro-clypeus  prominent,  asymmetrical  and  with  five  distinct,  acute  teeth;  the 
outer  tooth  on  the  left  set  apart  from  the  other  four  teeth,  which  are  equidistant; 
six  set®  pre^nt,  one  on  each  side  of  each  tooth.  Lateral  expansions  of  epistoma  not 
exceeding  the  labro-clypeus,  rounded  and  each  with  a  row  of  seta?  at  the  anterior 
margin. 

Ocular  areas  in  groups  of  six  but  rather  indistinct.  They  are  arranged  more  or 
1^8  in  a  compact  circle.  The  anterior  three  with  their  axes  more  longitudinal  while 
the  posterior  three  have  their  axes  more  horizontal  and  the  last,  or  sixth,  area  b  more 
remote  than  the  others,  which  are  nearly  equidistant  from  each  other. 

Antenns  fairly  short,  not  exceeding  the  mandibles;  just  about  attaining  the 
distal  end  of  the  palpifer;  the  first  segment  constricted  slightly  in  the  middle  and 
about  the  same  size  as  the  second;  the  second  segment  swollen  with  a  small,  color- 
less, antennal  appendage  and  several  sense-cones  at  its  ex'^erno-distal  angle;  a  long, 
slender,  intemo-distal  seta  present;  third  segment  very  much  smaller  than  the  latter 
and  provided  apically  with  sense-cones,  besides  two  long,  slender  setse. 

Mandibles  symmetrical,  prominent,  stout,  sharply  pointed  at  their  tips,  and  each 
with  three  well-defined  inner  teeth.  The  most  distal  tooth  is  the  largest,  the  middle 
one  a  little  smaller,  and  the  proximal  one  considerably  smaller.  The  molar  area  is 
smooth  and  rounded. 

Maxillae  with  joint-like  palpifer;  stipes  stout,  tapering  slightly  ,with  a  row  of 
five  setae  on  its  inner  surface;  palpifer  with  a  slender  chitinous  appendage,  longer 
than  the  first  segment  of  the  palpus  and  bearing  a  terminal  seta  at  its  disto-medial 
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angle;  a  single  inner  seta  near  its  base;  palpi  shorter,  gradually  tapering;  the  first 
segment  narrower  than  the  palpifer  and  only  about  one-fourth  the  length  of  the 
second  segment;  the  third  is  a  little  shorter  than  the  second  and  provided  with 
terminal  sense-cones. 

Labium  extending  forward  almost  as  far  as  the  tips  of  the  mandibles;  the  first 
segment  of  the  palpus  short;  the  second  segment  about  four  tirnes  as  long  but  nearly 
the  same  width  and  bearing  several  terminal  sense-cones;  ligula  prominent,  slender 
and  almost  twice  as  long  as  the  first  palpal  segment;  palpiger  quadrate  with  sides 
slightly  rounded;  two  long  setae  in  the  membrane  at  the  base  of  the  ligula;  mentutn 
slightly  wider  than  palpiger,  longer  than  wide  and  constricted  a  little  in  the  middle; 
its  dorsal  surface  with  numerous  short  spines  towards  the  sides  and  in  the  middle; 
the  submentum  extremely  transverse  and  joint-like. 

Prothorax  with  sides  rounded,  about  the  same  width  as  the  head.  Anterior  and 
posterior  margins  of  pronotum  narrowly  non-chitinized;  sagittal  line  present,  pro- 
sternum  with  two  large  sclerites  in  front  of  the  coxse  and  contiguous  along  the  median 
line.  Meso-  and  metathorax  the  same  width  as  the  prothorax  but  about  one-half  as 
long;  sclerites  of  meso-  and  metanotum  fairly  large  and  irregular;  the  former  sub- 
triangular  and  less  irregular  than  the  latter,  which  are  transverse  and  each  with  a 
posterior  T-shaped  projection.  Epi-  and  hypopleurites  both  rounded,  bearing  a  seta 
surmounting  a  little  tubercle.  Mesothoracic  spiracles  each  at  the  tip  of  a  small  tuber- 
cle. Two  small,  elongate,  pro-mesotergal  sclerites  present.    Sagittal  line  prominent. 

Legsaboutaslongasthe  thorax  is  wide;  coxa*  transverse;  femora  nearly  as  long 
as  the  tibiae;  tarsi  shorter  than  the  latter,  claw-Uke  and  with  two  inner  setae,  one  more 
proximal  and  shorter.  The  anterior  coxae  are  closer  together  than  the  four  posterior 
coxae,  which  axe  about  the  same  distance  apart. 

Abdomen  with  eight  distinct  segments  and  very  slightly  narrowed  caudally, 
ninth  and  tenth  segments  rudimentary.  The  first  seven  tergites  similar  and  separated 
by  a  conspicuous  intersegmental  membrane;  each  of  the  former  has  three  transverse 
folds  (scutellar  fold  indistinct)  while  the  latter  has  only  one.  The  praescuta  bear  two, 
oval,  chitinized  patches,  those  on  the  first  segment  slightly  larger  than  the  others. 
A  transverse  row  of  four  tubercles,  each  bearing  a  seta,  present  on  the  pjosterior  folds 
of  the  scuta  and  each  segment  with  the  spiracles  on  little  conical  tubercles.  Epi-  and 
hypopleurites  prominently  lobed  and  intersegmental  membranes  with  a  single 
prominent  lateral  lobe.  Sternites  with  folds  corresponding  to  those  of  the  tergites. 
The  eighth  tergite  respresents  the  superior  valve  of  the  stigmatic  atrium  and  bears 
a  large  chitinous  plate,  a  little  broader  than  long  and  somewhat  semicircular,  being 
rounded  in  front.  The  caudal  border  of  the  superior  valve  is  slightly  chitinized, 
bears  a  few  seta?,  and  is  indistinctly  quadrilobed,  the  two  middle  lobes  more  promi- 
nent. Ninth  tergite  trilobed.  The  entire  structure  closely  resembles  that  of  Cym- 
hindyta. 

Full-grown  Larva. — Length,  15  mm. ;  width,  2.96  mm.  Color  brownish  above 
and  dirty  white  or  gray  below.  Tubercles  and  lobes  of  body  much  more  pronounced, 
as  well  as  the  small  brown  set«  covering  the  integument.  Head  measures  0.86  mm. 
along  the  dorsdl  Une  and  1.08-1.2  mm.  in  width.  First  segment  of  antennae  about 
twice  as  long  as  the  second.  Terminal  segment  of  palpus  noticeably  shorter  than 
penultimate.  Prothorax  with  several,  small,  dark  markings  on  the  pronotum  and 
sUghtly  widened  posteriorly.  Meso-  and  metathorax  gradually  wider  than  the  pro- 
thorax.   The  stem  of  the  T-shaped  projections  of  the  mesonotal  sclerites  lost.    Legs 
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not  as  long  as  thorax  is  wide.  First  six  segments  of  the  abdomen  about  the  same  width 
as  each  other  and  slightly  wider  than  the  mesothorax.  The  scutella  are  more  distinct. 
Seventh  to  eighth  segments  narrowed  caudally.  Small  romid  patches  composed  of 
tapering  sette  are  present  on  the  folds  as  follows:  six  on  the  anterior  scutal  fold,  the 
two  inner  ones  almost  contiguous;  three  on  the  posterior  scutal  fold;  four  on  the 
scutellum;  and  four  on  the  intersegmental  membrane.  The  pleural  lobes  also  hear 
groups  of  these  setce  in  addition  to  the  brown  setae. 

Hydrobius  fuscipes  Linnieus 
Plate  I,  Figures  3  and  8 

In  the  early  spring  ftiscipes  is  very  abundant  but,  as  the  season  pro- 
gresses, they  are  harder  to  locate.  Many  have  been  taken  under  lights 
at  night  and  they  take  flight  very  readily.  Thus  their  apparent  absence 
from  their  normal  habitat  is  doubtless  accounted  for.  This  absence  is 
evidently  only  periodic,  as  they  are  sometimes  quite  abundant  in  the 
middle  of  July  when  the  pools  are  becoming  concentrated.  Miall  says 
that  many  pupse  offuscipes  are  found  during  July  and  that  the  globular 
cell  is  formed  one-half  an  inch  below  ground  in  mud  or  clay  on  the  bank. 
He  adds  that  the  adults  appear  in  August  and  soon  lay  their  eggs. 

No  constant  differences  could  be  found  between  the  larva  of  this 
species  and  globostis.  H.  ftiscipes  is  often  a  little  smaller  but  otherwise 
they  are  apparently  identical.  No  specimens  of  full-grown  larvae  are  at 
hand,  but  I  would  not  expect  striking  differences  in  them.  The  middle 
tooth  of  the  labro-clypeus  seems  to  be  constantly  truncate  in  the  speci- 
mens of  fuscipes  which  were  examined,  but  I  hesitate  to  consider  this  as 
a  separation  character.    ' 

Hydrobius  tesselatUB  Ziegler 

A  full-grown  larva  of  this  species  was  taken,  together  with  the 
adult,  by  Mr.  E.  A.  Schwarz.  It  was  found  among  some  leaves  which 
had  caught  in  the  tree-roots  near  the  bank  of  a  swiftly  flowing  stream. 
The  larva  closely  resembles  globosus  and  is  quite  tuberculate. 

Hydrobius  scabrosus  Horn 

All  the  stages,  except  the  egg-case,  are  in  the  U.  S.  National  Mu- 
seum Collection.  They  were  taken  September,  1891,  in  debris  in  a 
stream  at  Bear  Creek,  Montana.  The  larva  looks  very  much  like  a  small 
globostis  larva.  It  differs,  however,  in  the  teeth  of  the  labro-clypeus. 
The  full-grown  specimen  has  only  four  distinct  teeth,  three  to  the  right 
and  a  fourth  set  a  little  to  the  left  of  the  three.    The  middle  tooth  of  the 
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three,  however,  shows  an  indication  of  another  tooth.  The  mandibles 
have  three  inner  teeth  but  the  most  proximal  tooth  of  each  is  ver>'  small. 
The  cerci  of  the  pupa  are  tapering,  fleshy,  and  about  equal  to  the 
seventh  to  ninth  abdominal  segments  inclusive.  The  motory  styli  of 
the  abdominal  terga  are  four  in  number  and  each  pleurite  bears  one. 

HsLOCOBiBUS  Horn 

Only  one  species,  H.  bifidus,  represents  the  genus  over  the  entire 
world.  In  the  field  it  is  often  confused  with  Hydrobius  fuscipes  and 
differs  principally  in  its  longer  maxillary  palpus,  the  last  segment  of 
which  is  shorter  than  the  penultimate.  It  might  be  taken  for  Philydrus 
cinciuSf  a  common  associat<»,  but  the  elytra  of  the  latter  is  not  striate. 

Few  specimens  have  been  captured  in  the  immediate  vicinity  of 
Ithaca  and  it  is  only  by  chance  that  one  collects  them.  However,  they 
proved  to  be  rather  plentiful  during  May  in  the  pools  bordering  the 
Ringwood  Road  at  the  source  of  Cascadilla  Creek.  Their  life  is  spent 
under  leaves  at  the  edge  of  the  ponds.  The  life  history  is  unknown  but 
the  stages  are  probably  close  to  Cymbiodyta, 

Ctmbiodtta  Bedel 

Superficially  this  genus  is  very  close  to  Philydrus  but  is  easily  sep- 
arated by  the  transverse  mesosternal  carina,  in  contrast  with  the  longi- 
tudinal keel  of  the  latter.  The  presence  of  only  four  segments  in  the 
middle  and  hind  tarsi  bears  additional  testimony  of  the  validity  of  this 
genus.  In  New  York  we  have  four  representatives  of  this  group,  namely, 
C.  fimbriataj  C,  blanchardiy  C.  lactcsiris^  and  C.  rotunda,  pf  these,  the 
two  former  have  been  collected  in  the  vicinity  of  Ithaca  in  fairly  large 
niunbers,  while  there  is  doubt  as  to  the  presence  of  the  latter  two,  al- 
though one  specimen'  of  lacusiris  (?)  was  reported  in  1909  by  Profei?sor 
J.  C.  Bradley.  The  life  history  of  none  of  the  species  has  been  worked 
out. 

Both  C.  blanchardi  and  C.  fimbriata  are  found  in  the  same  environ- 
ment and  are  often  taken  together.  The  easiest  method  of  collecting 
seems  to  be  taking  the  debris,  including  leaves,  sticks,  and  decaying 
matter  which  accumulates  near  the  shore-line,  and  washing  the  beetles 
out  by  placing  and  shaking  the  trash  in  deeper  water.  The  beetles,  as 
with  other  Hydrophilidae,  rise  to  the  surface  and  can  easily  be  picked  up 
by  the  fore  finger  and  placed  in  the  collecting  jar.    Often  they  are  so 

>The  •pecimen  is  not  at  hand  so  I  was  not  able  to  verify  its  determination  as  such. 
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abundant  that  they  may  be  taken  readily  from  dead  leaves,  where  the 
cling  to  the  under  side,  apparently  avoiding  the  sunlight.  They  have 
been  observed  in  both  still  and  flowing  water  but  seemed  to  be  most 
frequent  dwellers  in  the  little  pools  formed  by  rain-water  or  springs.  One 
record  shows  a  specimen  captured  in  moss  which  was  under  a  small  fall 
in  a  swiftly  flowing  stream,  but  this  evidently  is  not  its  most  common 
babitsit 

The  best  collecting  grounds  encountered  for  these  two  species 
were  located  at  the  base  of  a  steep  hill  where  the  rain-water  and  springs, 
which  trickled  down  over  the  surface  of  a  small  plateau,  had  formed  small 
pools.  The  plateau  was  composed  of  a  sandy  loam  and  covered  with  a 
mat  of  dead  leaves,  etc.  It  was  here  in  the  middle  and  latter  part  of 
July  1916,  that  all  stages  of  C.  blanchardi  and  C.fimbriata  were  observed. 
Miss  Ruby  B.  Hughes  reported  to  me  the  presence  of  larvse,  which 
climbed  up  her  tent-trap,*  in  abundance.  The  larvae  proved,  in  due 
season,  to  be  C.  fimbriata,  as  well  as  C.  blanchardi,  and  a  thorough  ex- 
amination of  the  surrounding  area  disclosed  eggs  and  pupse  in  unusual 
abundance.  The  larvse  in  all  stages  were  found  under  the  leaves  and 
stones;  the  eggs,  in  the  moss  on  the  bank;  and  the  pupa,  as  well  as  the 
emerging  adults,  in  the  bank. 


Cymbiodsrta  fimbriata  Melsheimer 

Plate  XII 

The  arrangement  of  the  eggs  laid  in  the  aquaria  by  members  of 
this  genus  was  rather  puzzling  at  first  because  of  the  fact  that  no  case 
seemed  to  be  completed.  The  eggs  alone  were  depo.-ited  and  covered 
by  a  loos?  spinning  of  silk,  such  as  is  found  within  an  egg-case,  but  with 
no  outer  covering,  which  is  characteristic  of  the  family. 

On  March  24,  1915,  C.fimbriata  was  noted  ovipositing  in  the  aqua- 
rium on  the  under  side  of  a  stone  which  was  lying  out  of  the  water.  The 
beetle  seemed  to  be  having  difficulty  and,  supposing  from  its  actions 
that  it  was  drying  up,  I  placed  a  drop  of  water  in  such  a  position  that  it 
would  roll  on  to  the  eggs.  This,  however,  caused  the  beetle  to  leave  its 
position  inunediately  and  it  failed  to  return  to  its  interesting  occupation. 
When  spinning,  the  spinnerets  are  protruded  far  out  and  the  silk,  which 
seems  to  be  coming  from  the  tips  of  the  organ,  is  applied  somewhat  as 
paint  is  by  a  brush.    When  the  drying  up  began,  as  noted  above,  the 

'Miss  R.  B.  Hughes  was  at  that  time  taking  a  censun  of  the  population  emerging  from  damp  places 
by  placing  a  tent-trap  and  examining  the  catch  at  intervals. 
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silk  seemed  to  become  more  and  more  sticky,  thereby  making  it  appar- 
ently hard  work  for  the  beetle  to  extricate  the  spinnerets  at  the  end  of 
each  application. 

Not  until  several  egg-masses  were  procured  in  the  field  was  I  assured 
that  C.  fimbriata  is  in  the  habit  of  laying  egg -masses  without  the  usual 
coverings.  On  April  28,  1915,  at  McLean,  while  collecting  in  leafy 
pools  where  Hydrobius  globosus^  Paraq^mus  subcupreiis,  Anccena  infuscata 
and  Cymbiodyta  fimbriata  abounded,  I  turned  up  a  layer  of  leaves  which 
were  moist  but  not  in  the  water  and  noted  a  mass  of  thirty  eggs  similar 
to  those  laid  in  my  aquaria  indoors.  When  these  had  hatched  they 
proved  to  be  the  eggs  of  C.  fimbriata.  In  none  of  my  observations  on 
egg-laying  have  I  noted  an  egg-mass  laid  by  a  Cymbiodyta  that  had  the 
usual  complete  covering;  which  seems  to  be  conclusive  evidence  that 
this  species  does  not  add  the  outer  protective  layer. 

C  fimbriata  laid  from  fifteen  to  forty-three  eggs,  which  hatched  out 
in  seven  to  nine  days.  It  was  interesting  to  note  that,  if  eggs  were  not 
taken  out  of  aquaria  and  isolated,  they  were  usually  destroyed  by  the 
adults,  although  I  did  not  observe  them  in  the  act. 

The  larvae  are  apparently  not  as  cannibalistic  as  the  larger  members 
of  the  group  and  appear  not  to  notice  their  brothers  and  sisters  unless 
they  accidentally  bump  into  each  other.  However,  one  specimen  was 
observed  devouring  a  larva  of  Philydrus  which  was  about  the  same  size 
as  itself.  The  length  of  Ufe  history  in  this  genus  is  probably  about  two 
months.  On  May  19,  1915.  two  large  larvae,  evidently  hatched  from  the 
egg-cases  found  the  latter  part  of  March,  were  observed  in  the  aquarium. 
About  the  middle  of  June  they  seemed  fairly  mature  but  died  without 
pupating. 

Although  I  have  not  determined  the  length  of  the  pupal  period  in 
either  of  the  two  species,  it  is  probably  three  or  four  days,  as  in  Philydrus, 
Upon  finding  the  larvae  in  all  instars  on  the  flats  above  mentioned,  I 
searched  the  bank  to  see  if  the  pupae  of  the  beetle  could  not  be  located. 
The  first  day  brought  little  reward  except  the  egg-masses  of  C  blan- 
chardi.  However,  on  the  second  day,  fortune  favored  me  and  several 
feet  from  the  water  in  slightly  moist  loam  and  an  inch  or  less  under  the 
moss,  a  veritable  array  of  pupae,  including  riiore  especially  those  of  C. 
blanchardif  C,  fimbriata  (few),  Dascyllidae  and  Dytiscidae,  was  found. 
All  stages,  except  the  egg  stage,  were  present  in  the  cells  and  so,  by  dig- 
ging carefully  and  saving  the  pupal  and  larval  skins,  the  necessary  con- 
necting links  in  their  life  history  were  easily  obtained. 
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The  adults  of  C.  fimbriata  upon  emerging  are  light  brown  below; 
the  thorax  is  Ught  brown;  their  head  is  darker  brown;  the  second  pair 
of  wings  are  graj^;  the  first  pair  are  white;  and  the  eyes  quite  dark 
brown.  Until  fully  colored,  about  two  days,  the  adults  seemed  to  re- 
main in  their  cells,  as  many  were  noted  as  being  very  dark  when  removed 
from  their  underground  home. 

On  April  11,  a  number  of  adults  of  C  fimbriata  were  dug  out  from 
the  bank  of  a  pool  about  five  or  six  feet  from  the  shore-line.  This  tends 
to  show  where  the  beetles  spend  their  winter  days. 

Eggs. — There  seems  to  be  no  special  arrangement  of  the  eggs  except  that  they 
are  usually  placed  like  logs  in  a  pile  and  covered  sparsely  with  fine  white  silk,  through 
which  the  eggs  may  be  seen. 

Newly  Hatched  Larva. — Length,  3  mm.;  width,  0.4  mm.  Whitish.  Head 
and  mandibles  light  yellow;  sclerites  of  thorax  and  abdomen  light  brown  (mesocerci 
darker);  integument  dotted  with  minute  spines,  which  are  more  abundant  on  the 
top  of  the  folds  than  in  the  furrows. 

Head  square,  elevated  slightly;  fronto-clypeal  sutures  weakly  indicated;  frons 
limited  by  the  frontal  sutures,  gradually  narrowed  towards  the  median  line,  semi- 
circular behind;  epicranial  suture  very  short,  almost  absent;  gula  reduced  with  its 
sutures  fairly  prominent  and  confluent;  two,  small,  horizontal,  elongate,  cervical 
sclerites  present. 

Labro-clypeus  irregularly  toothed,  possessing  usually  seven  teeth  (the  most 
lateral  tooth  on  each  side  indistinct),  some  of  which  tend  to  be  toothed  again,  and 
with  four  short  spines,  a  little  longer  than  the  teeth,  regularly  placed,  arising  dorsally 
between  the  bases  of  these  teeth  and  projecting  forward.  The  lateral  expansions  are 
similar  to  each  other,  with  anterior  margin  straight  and  slightly  inclined  laterally. 
Epipharynx  spinous. 

Ocular  areas  in  groups  of  six  but  rather  indistinct.  They  are  arranged  more  or  less 
in  a  circle.  The  anterior  three  have  their  axes  more  horizontal  and  the  last,  or  sixth, 
area  is  more  remote  than  the  others,  which  are  nearly  equidistant  from  each  other. 

Antennae  fairly  short,  not  attaining  the  tips  of  mandibles  but  exceeding  the  distal 
inner  tooth;  first  segment  equal  in  length  and  width  to  the  second;  second  segment 
not  noticeably  swollen  in  the  middle  and  bearing  a  small  colorless,  two-segmented, 
finger-like  antennal  appendage,  the  basal  segment  small,  in  addition  to  the  sense-cones, 
and  a  single,  small,  slender  appendage  at  the  latter's  base  and  at  the  inner  anterior 
angle;  third  segment  a  little  longer  than  the  appendage  of  the  second  segment,  which 
is  three  times  as  long  and  wide  as  the  former,  and  bearing  at  its  extremity  three  long 
setfiB  and  several  sense-cones. 

Mandibles  nearly  symmetrical,  fairly  prominent  and  stout,  sharply  pointed  at 
their  tips,  and  each  bearing  two  inner  teeth,  the  basal  one  smaller;  the  left  basal  tooth 
seems  to  be  slightly  smaller  than  the  right  basal  tooth;  inner  surface  of  anterior 
piece  and  anterior  tooth  serrate;  molar  area  not  serrate. 

Maxillse  with  joint-like  palpifer;  stipes  large,  swollen,  narrowed  slightly  towards 
the  apex,  longer  than  the  palpifer  and  palpus  together,  and  its  inner  surface  provided 
with  a  row  of  five  stout  setae  and  several  more  slender  setae  near  the  extemo-distal 
angle;  palpifer  small,  a  little  wider  than  long,  bearing  a  single,  stout,  inner,  lateral  seta. 


Digitized  by 


Google 


60  Bidleiin  American  Museum  of  Natural  History  [Vol.  XLII 

near  its  base,  and  an  inner  rudimentary  lobe,  possessing  apical  setae;  first  segment  of 
palpus  the  same  length  as  the  rudimentary  lobe  of  the  palpifer  and  a  little  more  than 
half  the  second,  while  the  third  is  not  quite  as  long  as  the  first  two  together  but  more 
slender  and  more  cylindrical;  each  bears  a  few  slender  setae,  the  terminal  segment 
possessing  a  group  of  sense-cones  at  its  extremity.  Articulating  maxillary  piece  well 
developed. 

Labium  extending  forward  almost  as  far  as  the  tips  of  the  mandibles;  submentum 
very  small;  mentum  somewhat  cordiform;  palpiger  dome-shaped,  four-fifths  the 
mentum  in  length,  bearing  several  prominent  seta;  dorsally;  labial  palpus  ^inth  first 
segment  short,  second  segment  about  three  times  as  long  and  bearing  sense-cones  at 
its  tip;  Ugula  present  and  slightly  exceeding  the  first  segment  of  palpus  in  length. 

Prothorax  with  sides  shghtly  rounded,  of  same  width  as  head.  Anterior  third  of 
pronotum  non-chitinized,  sagittal  line  present,  prostemum  with  two  fairly  large 
sclerites  in  front  of  the  coxae.  Meso-  and  metathorax  a  little  narrower  and  shorter 
than  the  prothorax;  sclerites  of  mesonotum  and  metanotum  fairly  large,  the  former 
subtriangular  and  the  latter  elongate;  two  elongate  sclerites  are  present  in  the  pro- 
meso tergal  con junctivum;  sagittal  line  prominent.  A  spiracle  on  a  small  tubercle  at 
each  antero-lateral  angle  of  the  mesothorax. 

Legs  fairly  long,  slightly  longer  than  thorax  is  wide;  coxae  transverse,  grooved 
laterally  to  receive  the  femora;  femora  longer  than  the  tibiae;  tarsi  well  developed, 
claw-like,  about  as  long  as  the  tibiae  and  bearing  two  inner  setae.  The  anterior  coxae 
are  closer  together  than  the  four  posterior  coxae,  which  are  about  the  same  distance 
apart. 

Abdomen  with  eight  prominent  segments  and  very  slightly  narrowed  caudally, 
ninth  and  tenth  rudimentary.  The  first  seven  tergites  similar  and  separated  by  a 
conspicuous  intersegmental  membrane;  each  of  the  former  has  three  transverse  folds 
while  the  latter  has  only  one.  The  first  tergite  bears  two  transverse  chitinized  patches 
on  its  praescutum.  Lateral  tubercles  are  not  clearly  defined  but  there  are  apparently 
two  larger  ones  on  the  segment  and  two  smaller  more  p)ointed  ones  on  the  membrane 
following.  The  sternites  are  not  chitinous  and  have  folds  corresponding  to  those  of 
the  tergites.  The  eighth  tergite  represents  the  superior  valve  of  the  stigmatic  atrium 
and  bears  a  large  chitinous  plate,  which  is  a  little  broader  than  long.  The  caudal 
border  of  the  superior  valve  is  chitinized,  bears  a  few  setae,  and  is  slightly  bilobed.* 
Procercas  one-segmented,  subcorneal,  with  a  chitinous  plate  on  the  inside  and  a  group 
of  three  setae  arising  dorsally  from  tubercles  on  their  apical  half.  Mesocercus  two- 
segmented  and  chitinous;  the  first  segment  dome-shaped,  bearing  a  central  dorsal 
seta  as  well  as  a  ventral  seta;  the  second  segment  very  small,  papilliform  and  bearing 
a  terminal  seta  (0.4  mm.  long);  between  these  two  segments  there  are  several  sense- 
cones  in  the  membrane.  The  ventral  valve,  or  ninth  tergite,  is  trilobed  p)osteriorly 
and  the  lateral  lobes  possess  chitinous  areas  from  which  arise  two  setae  mounted  on 
tubercles.  The  acrocerci*  are  evidently  attached  to  the  under  side  of  these  lobes  and 
each  bears  a  terminal  seta.  The  median  lobe  is  large  and  somewhat  cordiform;  its 
dorsal  surface  covered,  except  for  a  narrow  border,  with  a  chitinous  plate.  Near  the 
caudal  margin  are  four  setae,  the  outer  two  of  which  are  in  line  with  each  other  and  a 
little  anterior  the  median  two. 


'The  outer  lobes,  which  are  present  in  many  of  the  Hydrobiina',  are  indistinct  here. 

«A  question  arises  as  to  whether  the  acrocerci  are  the  dorsal  tubercles  and  seta?  or  the  ventral.  It  is 
difficult  to  determine;  but.  from  position  as  described  by  d'Orchymont,  I  have  considered  them  as 
ventral. 
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Full-grown  Larva. — Length,  7-10  mm.  ;  width,  1.25-L8  mm.  Orange-colored 
and,  when  it  is  not  too  dirty,  has  a  peppery  appearance  due  to  the  dark  coloration  of 
the  integument  at  the  base  of  the  spines  which  cover  the  body.  A  striking  transverse 
row  of  dark  spots  is  noted  in  some  larvie  on  the  tops  of  the  abdominal  Tolds.  Head, 
dorsally,  is  0.77  mm.  long  and  0.64-0.9  mm.  wide.  Spines  of  labro-clypeus  mostly 
lost  and  teeth  present  a  scalloj>ed  appearance.  Anterior  inner  teeth  of  mandibles 
without  serration. 

Pupa. — Length,  7  mm.;  width  at  its  thorax,  3.2  mm.  Whitish.  Head  smooth 
and  bears  two  supraorbital  styli  on  each  side.  Pronotum  smooth,  its  anterior 
margin  somewhat  trilobed  and  its  posterior  margin  straight,  slightly  indented  just 
in  front  of  the  base  of  the  elytra.  The  styli  are  arranged  as  follows:  ten  on  the 
rounded  lateral  and  anterior  margins,  two  of  which  are  on  the  middle  lobe;  eight  on 
the  posterior  margin,  counting  the  two  comer  ones;  two  on  the  middle  lobe  just 
posterior  and  slightly  lateral  of  the  two  anterior  styli;  and  a  transverse  row  of  four 
in  the  middle,  the  outer  two  a  little  anterior  to  the  inner  two.  Mesonotum  and  meta- 
notum  with  a  transverse  row  of  two  styli.  Inner  spur  of  metatibia  fairly  prominent. 
Tarsi  not  ending  in  a  spine  but  blunt  and  tibiae  not  spinous  on  the  outer  side.  Meta- 
thoracic  pterothecae  visible  from  above.  First  abdominal  tergite  with  a  transverse 
row  of  four  styli;  second  to  seventh  abdominal  tergites,  inclusive,  with  a  transverse 
row  of  six  styli,  the  outer  one  on  each  side  arising  from  tubercles;  second  to  seventh 
pleurites  each  with  a  stylus;  eighth  tergite  semicircular,  the  rounded  posterior  margin 
bearing  two  styli;  ninth  segment  with  a  pair  of  cerci,  a  little  longer  than  the  eighth 
and  ninth  segments  together  (0.72  mm.),  extending  caudally  and  very  slightly  diverg- 
ing; ninth  stemite  with  prominent  acute  externo-caudal  angles,  a  pair  of  appendages 
arise  from  between  the  eighth  and  ninth  stemites  and  extend  caudad  on  either  side 
of  the  median  line  as  far  as  the  base  of  the  cerci  and  closely  appressed.  Spiracles 
fairly  prominent  and  slightly  raised. 


Cymbiodyta  blanchardi  Horn 

The  different  stages  of  this  species  seem  to  be  practically  identical 
with  C.fimbriata  except  that  they  are  smaller  in  size.  The  larva  possesses 
a  pair  of  small,  very  indistinct,  oval  patches  on  the  second  to  seventh 
abdominal  tergites,  which  were  not  present  on  the  larvae  of  C.  fimbriata. 


Hblocharbs  Mulsant 

The  only  eastern  species,  H.  macidicollis,  has  not  been  recorded 
from  our  fauna  and  is  not  to  be  expected.  It  is  a  more  southern  species 
and  reaches  northward  along  the  Mississippi  River  and  its  tributaries 
only  as  far  as  Ohio,  Illinois,  and  Missouri.  According  to  Blatchley, 
1910,  it  occurs  very  rarely  in  Indiana  (Lawrence  and  Dubois  Counties). 
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Formerly  this  genus  was  united  with  Pkilydrus  and  it  closely  ap- 
proaches it.  HelochareSy  however,  may  be  easily  distinguished  in  the 
field  by  the  punctures  of  the  elytra,  which  are  arranged  in  rows.  In 
general  form,  it  is  more  like  HelocombuSf  but  this  genus  possesses  longer 
maxillary  palpi  and  its  elytra  are  distinctly  striate. 

Cussac,  1852,  described  the  immature  stages  but  his  work  was  not 
very  carefully  done.  The  full-grown  larva  was  figured  as  well  as  the 
pupa.  The  latter,  however,  was  destroyed  before  the  drawing  was 
finished,  with  the  result  that  the  caudal  end  was  not  accurately  com- 
pleted. D'Orchymont,  1913,  acting  on  Ganglbauer's  suggestion  for  a 
more  accurate  description  of  the  European  species,  H.  lii^idus,  gave  an 
excellent  description  of  the  larva  and  supplemented  it  with  figures. 

Helochares  maculicollis  Mulsant 
Plate  XIII 

I  am  deeply  indebted  to  Mr.  F.  E.  Wintersteiner  for  the  oppor- 
tunity of  rearing  H,  macuUcoUis,  On  April  12,  1916,  I  received  ten 
living  adults  which  he  had  forwarded  to  me  from  Richmond,  Virginia. 
They  were  apparently  in  good  condition,  although  a  number  of  mit^s 
were  attached  to  them  on  the  under,  side.  The  specimens  had  been  col- 
lected at  the  edge  of  leaf-filled  pools  a  few  days  previous  to  their  ship- 
ment. 

When  placed  in  the  rearing  jar,  they  immediately  became  submerged 
and  remained  on  the  under  side  of  some  stones  or  burrowed  down  in  the 
mud.  Although  on  sunny  warm  days  they  would  be  seen  swinuning 
about  the  jar,  yet  most  of  their  time  was  spent  in  hiding.  Because  of 
this  fact,  it  was  difficult  to  observe  whether  or  not  the  females  carried 
any  cases  as  they  were  reported  to  do. 

On  June  4  the  container  was  flooded  and  soon  a  number  of  young 
larvae  were  noted  floating  on  the  surface  and  crawling  around  the  edge 
of  the  glass.  Later  in  the  day  two  females  were  seen  swimming  at  the 
surface  of  the  water,  right  side  up,  each  with  an  egg-case  slightly  protru- 
ding caudally. 

The  egg-case  was  attached  by  two  strands  to  the  hind  femora  and 
not  free  as  Schiodte  describes  it  in  lividus.  The  beetles  could  swim  with 
little  incumbrance.  Both  cases  hatched  out  two  days  later  and  forty- 
six  and  forty-two  larvae  appeared  from  the  respective  cases.  Other 
cases  were  observed  during  the  first  week  in  July  and  a  single  case  as 
late  as  September  24.    The  latter  case  hatched  on  the  29th.  The  larvae 


Digitized  by 


Google 


1920]  Richmond  J  Studies  on  the  Biology  of  the  Aquatic  Hydrophilida  63 

very  closely  resemble  those  of  Philydrus  and  are  very*^  voracious.  They 
do  not  hesitate  to  devour  each  other  and  apparently  flourish  on  Cypri- 
dopsis  and  Tubifex. 

Little  attention  has  been  paid  to  the  growth  of  the  larvae  but  on 
August  31  of  the  same  year  several  full-grown  larvse  were  placed  in  the 
terrarium.  One  of  these  formed  a  cell  and  transformed  on  September  4. 
The  cell  was  firmly  made  and  was  apparently  larger  than  need  be,  mea- 
suring 7.5  nam.  long,  7  mm.  wide,  and  4.5  mm.  high. 

Egg-case. — Nearly  semicircular;  follows  the  contour  of  the  abdomen  but 
slightly  exceeds  it.  It  measures  2.16  mm.  long  and  is  2.88  mm.  wide  at  the  anterior 
margin.  The  two  strands  which  attach  the  case  to  the  inner  margin  of  the  posterior 
femora  are  short  and  flared  at  the  point  of  attachment.  All  the  eggs  are  pointed 
inwardly  and  their  contour  is  visible  through  the  silken  case.  The  silk  on  the  under 
side  of  the  case  is  more  tightly  woven  than  that  on  the  dorsal  side. 

Newly  Hatched  Larva. — Length,  2.28  mm.;  width  at  the  thorax,  0.342  mm. 
Whitish,  except  the  brownish  chitinized  areas;  integument  dotted  with  minute  setse. 

Head  quadrangular,  slightly  elevated;  fronto-clypeal  suture  weakly  indicated 
except  at  the  sides;  frons  gradually  constricted  towards  the  middle,  semicircular 
behind;  frontal  sutures  uniting  to  form  a  short  epicranial  suture;  gula  reduced, 
pentagonal,  somewhat  semicircular  behind;  gular  sutures  prominent  and  confluent 
for  a  long  distance;  two  small,  horizontal  cervical  sclerites  present. 

Labro-clypeus  asymmetrical,  with  six  distinct  teeth,  all  equidistant  from  each 
other  except  the  two  on  the  left  which  are  set  sUghtly  apart  from  the  other  four. 
Six  8et«  are  present,  one  on  each  side  of  each  tooth  except  between  the  fourth  and 
fifth  from  the  right.  Lateral  expansions  of  the  epistoma  prominent,  nearly  similar  and 
with  obtuse  angles,  but  not  exceeding  the  labro-cl3rpeus.    Epipharynx  spinous. 

Ocular  areas  in  groups  of  six  and  indistinct;  arranged  somewhat  in  a  circle; 
the  front  five  placed  at  regular  intervals,  while  the  sixth  is  a  little  more  distant  with 
its  axis  nearly  horizontal. 

Antennae  fairly  short,  not  quite  attaining  the  tip  of  the  mandible  nor  distal  end 
of  the  stipes;  first  segment  not  quite  as  long  as  the  second  segment,  slightly  con- 
stricted; second  segment  swollen,  about  the  same  width  as  the  first  and  bearing  at  its 
disto-extemal  angle  a  slender,  finger-like  antennal  appendage  as  well  as  a  spine-like 
seta;  third  segment  small,  less  than  one-fourth  the  length  of  the  second  but  longer  than 
the  antennal  appendage  and  possessing  two  long  slender  set«  and  several  shorter  ones. 

Mandibles  stout,  nearly  symmetrical,  their  tips  sharply  pointed  and  each  with 
two  inner  teeth,  the  proximal  tooth  being  smaller  than  the  distal  one;  the  proximal 
tooth  of  the  left  mandible  smaller  than  that  of  the  right;  the  anterior  pieces  and  inner 
teeth  indistinctly  toothed  on  their  inner  surfaces.    Molar  areas  smooth  and  rounded. 

Maxilke  with  joint-hke  palpifer;  stipes  stout,  swollen,  not  noticeably  narrowed 
towards  the  apex,  about  two-fifths  longer  than  the  palpus  and  palpifer  together,  its 
inner  surface  with  a  row  of  five  stout  setae,  and  two  slender  setae  near  the  extemo- 
distal  angle;  palpifer  short,  transverse,  and  bearing  an  inner  rudimentary  lobe, 
possessing  two  apical  setae;  palpus  slightly  tapering;  the  first  segment  shorter  than 
the  palpifer  and  less  than  one-fourth  as  long  as  the  second  palpal  segment;  the  third 
segment  slightly  shorter  than  the  second  and  with  distal  sense-cones. 
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Labium  not  attaining  the  distal  end  of  the  stipes;  submentum  extremely  trans- 
verse, short,  joint-like;  mentum  somewhat  cordiform,  its  upper  surface  with  numer- 
ous short  spines  and  a  seta  in  each  externo-frontal  angle;  palpiger  shorter  than  sub- 
mentum and  with  sides  rounded;  first  segment  of  palpus  short;  second  segment  about 
three  times  as  long  and  possessing  several  slender  apical  setae;  ligula  well  developed, 
slender  and  almost  twice  the  first  palpal  segment  in  length. 

Prothorax  with  sides  slightly  rounded,  of  the  same  width  as  the  head;  pronotum 
well  chitinized  except  at  anterior  and  posterior  margins;  sagittal  line  present  and 
continuing  throughout  the  thorax;  prosternum  with  two  large  sclerites  in  front  of  the 
coxa?  touching  along  the  median  line.  Meso-  and  metathorax  slightly  wider  than 
prothorax  but  about  one-half  as  short;  mesonotum  with  fairly  well-developed  sclerites 
divided  in  front  by  a  horizontal  suture  and  with  four  slightly  chitinized  square  areas 
at  its  posterior  margin.  Pro-mesotergal  and  meso-metatergal  conjunctiva  with  two 
very  narrow  sclerites.  Sclerites  of  metanotum  very  irregular,  each  with  a  widely 
separated  posterior  projection.    Episterna  and  epipleura  are  cushion-like  lobes. 

Legs  fairly  long,  about  twice  as  long  as  the  thorax  is  wide;  coxse  transverse,  a 
little  longer  than  the  femora;  tibiae  slightly  shorter  than  the  latter  but  much  longer 
than  the  well-developed  claw-like  tarsi,  which  bear  two  inner  setae  set  side  by  side. 
The  anterior  coxae  a  little,  the  middle  more,  and  the  posterior  widely  separated. 

Abdomen  with  eight  distinct  segments  and  very  slightly  narrowed  posteriorly; 
ninth  and  tenth  segments  rudimentary.  The  first  seven  tergites  similar  and  separated 
by  a  conspicuous  intersegmental  membrane;  each  of  the  former  has  three  transverse 
folds,  while  the  latter  has  only  two.  The  first  tergite  bears  two  pairs  of  small,  chitin- 
ized patches,  the  anterior  very  small  and  usually  covered  by  the  metathorax.  Epi- 
sternites  and  epipleurites  similar  to  the  thoracic  ones  and  are  cushion-like  lobes. 
Lateral  lobes  of  intersegmental  membranes  single  and  not  double  as  in  Philydrus, 
The  second  fold  of  each  of  the  first  seven  segments  bears  a  transverse  row  of  four  in- 
conspicuous tubercles,  the  inner  pair  more  prominent  with  a  small  chitinous  ring  at 
its  base.  The  tubercle  each  bear  a  colorless  seta.  The  stemites  have  folds  corres- 
ponding to  those  of  the  tergites  but  have  no  chitinized  areas.  The  eighth  tergite 
represents  the  superior  valve  of  the  stigmatic  atrium  and  bears  a  large  plate  which  is 
wider  than  long.  The  posterior  margin  of  the  latter  is  nearly  straight,  its  sides  are 
rounded  and  its  anterior  margin  only  slightly  emarginate.  The  posterior  margin  of 
the  superior  valve  is  four-lobed,  each  lobe  with  a  seta.  The  atrium  closely  resembles 
that  of  Cymbiodyta. 

Full-grown  Larva. — Length,  8  mm. ;  width  at  the  mesothorax,  1.27  mm.  Gray 
colored  or  dirty  white  except  chestnut-brown  chitinized  areas.  Head,  dorsally,  0.6  mm . 
long  and  0.69  mm.  wide.  Labro-clypeus  is  more  oblique.  The  first  segment  of  the  an- 
tennae has  become  more  elongate  and  now  is  longer  than  the  second  segment,  the  anten- 
na! lobe  is  slightly  shorter  and  less  prominent .  Mandibles  are  very  blimt  and  have  lost 
their  serrations.  Mentum  with  the  seta  in  each  externo-frontal  angle  prominent  as  well 
as  each  medio-lateral  one.  Prothorax  enlarged  slightly  posteriorly.  Body  increases 
in  width  gradually  as  far  as  the  second  abdominal  segment  and  then  decreases. 

Pupa. — Length,  5.2  mm. ;  width  at  its  thorax,  2.16  mm.  Whitish.  Head  smooth 
and  bears  two  supraorbital  styli  on  each  side. 

Pronotum  smooth,  its  anterior  and  posterior  margins  straight,  the  latter  very 
slightly  emarginate  in  the  middle.  The  styli  are  arranged  as  follows:  ten  at  the 
lateral  and  anterior  margins,  two  of  which  are  at  the  middle  of  the  anterior  margins; 
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eight  at  the  posterior  margin,  counting  the  two  comer  ones;  two  just  posterior  and 
slightly  lateral  of  the  two  middle  styli  of  the  anterior  margin;  a  transverse  row  of  four 
in  the  middle,  the  outer  two  a  little  anterior  the  inner  pair;  a  few  other  inconspicuous 
styli  are  present. 

Mesonotum  and  metanotum  with  a  transverse  row  of  two  styli.  Inner  spur  of 
metatihia  not  very  prominent.  All  tarsi  not  ending  in  a  spine  but  blunt  and  tibise 
not  spinous  on  the  outer  side;  first  to  seventh  abdominal  tergites  inclusive  with  a 
transverse  row  of  six  styli;  second  to  seventh  pleurites  each  with  a  stylus;  eighth 
tergite semicircular,  the  posterior  rounded  margin  bearing  two  styli;  ninth  segment 
with  a  pair  of  tapering,  fleshy  cerci,  longer  than  the  ninth  tergite  (0.62  mm.)  extending 
caudally  and  diverging  slightly.  Extemo-caudal  angles  of  ninth  stemite  obtuse  and 
not  very  prominent.  A  pair  of  appendages  arise  from  between  the  eighth  and  ninth 
stemites  and  extend  caudally  on  either  side  of  the  median  line  to  the  base  of  the  cerci 
and  closely  appressed  to  the  ninth  segment.  Spiracles  oval,  prominent,  second  to 
sixth  visible. 

Helochares  norznatus  LeConte 

Zaitzev,  1908,  placed  this  species  under  Chasmogenus  but  questions 
it.  The  egg-case,  as  well  as  the  larva,  closely  resembles  H,  maculicollis 
and  it  doubtless  belongs  under  this  genus. 

PHiLTDEns^  Solier 

In  our  fauna  there  are  six  members  of  this  group  and,  although  they 
are  apparently  close  in  general  structure,  yet  coloration,  size,  and  form 
play  such  an  important  part  in  their  separation  that  they  are  easily 
determined  after  one  has  had  a  brief  introduction  to  the  systematic 
study  of  them.  The  most  easily  confused  member  Is  doubtlessly  P. 
perplexm,  which  may  be  easily  placed  as  Cymbiodyta  fimbriata  unless 
the  genus  is  first  assured.  In  size  the  species  range  from  P.  ochraceus 
(the  smallest),  P.  nehvlosus,  P,  perplexiuSj  P.  hamiltoni^  and  P.  cindxis  to 
P.  consors  (the  largest).  The  first  two  species  named  are  very  abundant 
near  Ithaca  while  the  latter  three  are  comparatively  rare,  although  one 
mud-pocket  yielded  about  a  dozen  specimens  of  P.  consors  in  company 
with  a  larger  number  of  Cymbiodyta  fimbriata  when  the  writer  was  col- 
lecting in  late  June. 

The  life  history  of  this  genus  has  been  studied  only  in  Europe, 
where  Schiodte  reared  P.  testaceus  Fabr.  and  figured^  the  stages  in  his 
well-known  work.  The  writer  has  been  able  to  compare  this  life  history 
with  that  of  some  American  forms  which  he  has  reared. 


'Zaitsev,  in  his  *  Catalogue  des  Col^opWres  aquatiques  families  des  Hydrophilidffi '  gives  Enochrua 
tt  the  valid  namo.  cU>ixntng  that  PhUydnis  is  preoccupied,  but  the  author  feels  convinced  that  PhUydrwt 
should  stand.     Philydi  up  was  oriipnally  usea  without  the  "  h." 

The  fiffores  by  Schi5dte  are  not  entirely  accurate.  The  labro-clypeus  should  be  oblique  and  the 
left  mandible  was  evidently  incorrectly  drawn. 
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The  common  habitat  of  all  the  species  seems  to  be  in  small  pools, 
either  at  the  water's  edge  in  the  mud  or  in  the  Spirogyra  farther  out. 
P.  nebulosus  may  be  taken  at  almost  all  times  of  the  year,  depending  in 
the  winter  upon  warm  spells.  October  17  of  one  year  proved  to  be  the 
most  profitable  day  encoimtered  for  the  procuring  of  the  adults  of  this 
species,  when  as  many  as  fifty  were  taken  from  the  roots  of  the  vegeta- 
tion bordering  the  shores  of  Dwyer's  Pond. 

The  eggs,  which  vary  in  number  and  size  in  the  different  species, 
are  usually  enclosed  in  an  outer  covering  of  silk  or  cocoon  in  addition 
to  the  usual  inner  layer  and  are  particularly  characterized  by  the  ribbon- 
like filament,  which  only  the  genus  Hydrobius  approaches.  The  cocoons 
are  found  attached  to  all  kinds  of  objects  but  usually  at  the  surface  of 
the  water,  more  frequently  to  blades*  of  grass  or  Spirogyra,  with  its  rib- 
bon stretched  out  over  the  surface.  They  are  laid  most  abundantly 
during  May  but  are  found  from  April  to  August  in  the  field.  Indoors 
they  are  apt  to  be  laid  any  month  in  the  year.  Ten  egg-cases  were  made 
by  a  single  specimen  of  Philydrvs  nehuhsus  during  February  and  some 
of  them  were  placed  below  the  surface  of  the  water.  The  time  required 
for  hatching  is  from  six  to  nine  days. 

The  larvae  may  be  procured  during  the  smnmer  months  by  strenu- 
ously washing  the  banks  of  pools  where  the  egg-cases  or  adults  are  found. 
They  seem  to  burrow  in  the  mud  near  the  water's  edge,  while  some 
repose  on  the  under  side  of  stones  as  far  from  the  water  as  it  is  moist. 
In  their  method  of  walking  they  resemble  very  closely  the  cruciform  type, 
as  their  motion  is  rhythmic.  The  true  legs  move  first,  the  inconspicuous 
prolegs  next,  and  finally  the  end  of  the  abdomen  is  used.  The  larval 
period  lasts  about  two  months. 

The  pupal  stage  is  quite  short,  taking  up  three  or  foiu*  days.  This 
stage  was  observed  indoors  either  in  the  aquarium  where  it  was  formed 
or  else  by  taking  the  mature  larva  and  placing  it  in  a  jar  with  moist 
earth,  where  it  formed  a  cell  below  the  surface  in  the  usual  manner  or 
pupated  on  top  of  the  ground.  On  July  20,  1916,  many  pupae  of  P. 
nebulosus  and  P.  perplexus  were  found  in  cells  underneath  stones  or  in 
the  moist  bank.  The  pools  at  this  time  of  the  year  were  gradually  dry- 
ing up  and  naturally  possessed  a  concentrated  array  of  beetles. 

The  progress  of  coloring  in  the  adult,  after  emergence,  was  observed 
in  P.  nebulosus.  At  first  the  head,  thorax,  and  elytra  are  very  dirty 
white,  nearly  brown,  and  the  appendages  of  the  head  nearly  white, 
while  the  legs  are  tinged  a  little  with  brown.  The  eyes  soon  get  black 
and  the  whole  body  darkens  gradually,  the  thorax  getting  its  color 
much  more  slowly  than  the  elytra. 
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Philydrus  perplazus  LeConte 
Plate  XIV,  Figures  1  to  10 

Egg-case,  without  its  ribbon,  shaped  very  much  like  the  terminal  joint  of  one's 
finger.  The  top  of  the  case  is  slightly  concave,  while  the  under  side  conforms  with 
the  object  to  which  it  is  fastened.  The  case  proper  is  1.8  mm.  high  and  1.56  mm. 
across  the  top,  where  the  greatest  width  is  found.  The  filament  is  broader  than  the 
diameter  of  the  cap  and,  although  var3dng  in  the  different  cases,  is  usually  about  3.6 
mm.  in  length.  The  round  cap,  covering  the  top  of  the  egg-case  proper,  is  continuous 
with  the  inner  layer  of  the  ribbon. 

Newly  Hatched  Lakva. — Length,  2.52  mm.;  width,  0.39  mm.  Whitish, 
except  brownish  chitinized  portions;  integument  dotted  with  minute  setae. 

Head  quadrangular,  elevated  slightly;  fronto-clypeal  suture  weakly  indicated, 
more  prominent  at  the  sides;  frons  somewhat  campanulate;  epicranial  suture  very 
short;  gula  reduced  and  pentagonal,  the  antero-lateral  sides  about  one-third  the 
poetero-lateral  in  length;  gular  sutures  prominent  and  confluent;  two  small,  hori- 
zontal, elongate  cervical  sclerites  present. 

Labro-clypeus  possesses  at  the  extreme  right  a  prominent  acute  tooth  and  a  row 
of  five  to  six  setae;  the  tooth  on  the  right  seems  to  vary  quite  a  little,  in  some  cases 
being  apparently  single,  in  others  double  and  in  some  tending  to  be  tridentate.  Just 
below  there  appears  to  be  a  flap  which  is  irregularly  serrate,  and  has  a  fairly  promi- 
nent tooth^  at  the  extreme  left.  Lateral  expansions  of  epistoma  prominent,  unequal, 
acute  and  slightly  exceeding  the  labro-clypeus.    Epipharynx  spinous. 

Ocular  areas  in  groups  of  six  and  indistinct;  arranged  somewhat  in  a  circle;  the 
first  five  placed  at  regular  intervals  while  the  sixth  is  a  little  more  distant  with  its 
axis  nearly  horizontal. 

Antennae  fairly  short,  not  attaining  the  mandibles  but  exceeding  the  distal  inner 
tooth;  first  segment  equal  to  the  second  in  width  and  nearly  the  same  length;  second 
segment  not  noticeably  swollen  in  the  middle  and  bearing  a  small,  colorless,  finger- 
like antennal  appendage,  in  addition  to  the  sense-cones  at  the  latter's  base;  third 
segment  nearly  twice  as  long  as  the  appendage  of  the  second  segment,  which  is  three 
times  as  long  and  wide  as  the  former,  and  bearing  at  its  extremity  several  sense- 
cones  and  long  setae. 

Mandibles  asymmetrical,  fairly  prominent,  sharply  pointed  at  their  tips  and  with 
the  inner  surface  of  the  anterior  piece  slightly  serrate;  the  left  mandible  with  a  single 
anterior  tooth  while  the  right  one  possesses  two;  both  of  the  anterior  teeth  serrate  on 
their  inner  surface,  those  of  the  left  often  very  indistinct;  molar  areas  smooth. 

Maxillae  with  joint-like  palpifer;  stipes  large,  swollen,  not  noticeably  narrowed 
toward  the  apex,  longer  than  the  palpifer  and  palpus  together,  its  inner  surface 
provided  with  a  row  of  five  stout  setae,  and  several  slender  setae  near  the  externo-distal 
angle;  palpifer  small,  the  length  five-eighths  the  width,  bearing  a  single  stout,  inner, 
lateral  seta  near  its  base  and  a  rudimentary  lobe  possessing  apical  setae;  palpus  borne 
by  the  palpifer,  three-segmented;  its  first  segment  equal  to  the  rudimentary  lobe  of 
the  palpifer  in  length  and  a  little  more  than  one-half  the  second,  while  the  third  is  not 

^Tbu  tooth  may  be  a  part  of  the  labnim  proper  but  in  moet  specimens  seems  to  be  in  line  with  the 
serrate  flap. 
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quite  as  long  as  the  first  two  together  but  slightly  more  slender  and  tapering;  each 
bears  a  few  slender  setae,  the  terminal  segment  being  highly  sensory  and  provided  with 
a  group  of  sense-cones  at  its  extremity.    Articulating  maxillary  piece  well  developed. 

Labium  just  exceeding  the  palpifer  of  the  maxillae;  submentum  small;  mentiim 
somewhat  cordiform;  palpiger  dome-shaj>ed,  two-thirds  the  mentum  in  length,  bearing 
a  longitudinal  row  of  three  dorsal  setae  on  each  side  of  the  median  line;  labial 
palpus  with  first  segment  short,  second  segment  less  than  three  times  as  long  and 
bearing  sense-cones  at  its  tip  and  a  niunber  of  setae  at  its  base;  ligula  present  and  a 
little  longer  than  the  first  segment  of  the  palpus. 

Prothorax  with  sides  slightly  rounded,  of  the  same  width  as  the  head;  anterior 
and  posterior  of  pronotum  non-chitinized;  sagittal  line  present;  prostemum  with 
two  fairly  large  sclerites  in  front  of  the  coxae  touching  along  the  median  line;  meso- 
and  metathorax  shorter  than  the  prothorax,  and  the  metathorax  narrower  than  either 
thoracic  segment;  sclerites  of  mesonotum  and  metanotum  fairly  large,  the  former 
crescent-shaped  as  a  whole,  and  the  latter  irregular;  two  inconspicuous,  narrow 
sclerites  are  present  in  the  pro-mesotergal  conjunctivum;  sagittal  line  prominent. 
Mesothoracic  spifacles  mounted  on  a  small  tubercle  in  each  antero-lateral  angle. 

Legs  fairly  long,  a  little  longer  than  the  thorax  is  wide;  coxae  transverse,  grooved 
laterally  to  receive  the  femora;  femora  a  little  longer  than  the  tibiae;  tarsi  well 
developed,  claw-like,  about  as  long  as  the  latter  and  bearing  two  inner  setae;  the 
two  anterior  coxse  are  closer  together  than  the  four  posterior  coxae,  which  are  about 
the  same  distance  apart. 

Abdomen  with  eight  segments  distinct  and  very  shghtly  narrowed  caudaUy, 
ninth  and  tenth  segments  rudimentary.  The  first  seven  tergites  similar  and  separated 
by  a  conspicuous  intersegmental  membrane;  each  of  the  former  has  three  transverse 
folds  while  the  latter  has  only  two.  The  first  tergite  bears  a  pair  of  subrectangular 
chitinized  patches  on  its  praescutum,  while  there  is  a  pair  of  small  oval,  chitinized 
patches  on  the  praescuta  of  the  next  six  segments.  liateral  tubercles  are  not  clearly 
defined  but  there  is  apparently  one  large  one  on  the  segment  and  two  smaller  more 
p>ointed  ones  on  the  membrane  following.  On  the  second  fold  of  each  of  the  seven 
segments,  a  transverse  row  of  four  tubercles,  each  bearing  a  seta,  may  be  seen.  A 
pair  of  very  inconspicuous  spiracles  present  on  each  of  the  first  seven  segments  The 
stemites  are  not  chitinous  and  have  folds  corresponding  with  those  of  the  tergites. 
The  third  to  the  seventh  each  possess  a  pair  of  prominent  tubercles  which  resemble 
prolegs  and  are  furnished  with  a  group  of  recurved  spines  on  their  ventral  surface. 
The  eighth  tergite  represents  the  superior  valve  of  the  stigmatic  atrium.  As  the  larvae 
of  this  genus  belong  to  the  same  type  of  pseudo-metapneustic  larvae  as  Cymbiodyta, 
a  redescription  of  the  atrium  seems  unnecessary. 

Full-grown  Larva. — I^ength,  6-8  mm.;  width  at  the  mesothorax,  1.80  mm. 
Gray  or  dirty  white  and,  when  not  too  dirty,  somewhat  peppery,  but  not  so  notice- 
ably as  in  Cytnbiodyta.  A  transverse  row  of  dark  spots  is  noted  on  the  tops  of  the 
abdominal  folds  in  some  larvae,  especially  those  which  have  just  molted. 

Head,  dorsally,  0.768  mm.  wide  and  0.624  mm.  long.  Serrate  flap  of  labrum 
mostly  lost,  except  tooth  at  right,  and  frontal  angles  blunt.  Appendage  of  second 
segment  of  antennae  much  smaller  in  comparison  with  the  third  segment.  Serrations 
of  the  anterior  teeth  of  the  mandibles  lost  and  those  of  the  inner  surface  of  the  anterior 
piece  very  indistinct  or  lost  The  first  segment  of  maxillary  palpus  about  one-half 
the  second.    A  row  of  four  stout  dorso-lateral  setae  on  each  side  of  the  mentum  and  a 
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strong  dorsal  seta  on  either  side  of  the  median  line,  slightly  anterior  in  position;  the 
seta  at  the  base  of  the  labial  palpus  stout  and  fairly  prominent  and  those  at  the  base 
of  the  second  segment  slender. 

Pupa. — Length,  5.13  mm.;  width  at  its  thorax,  2.22  mm.  Entirely  whitish, 
except  eyes.  Head  smooth  and  bears  two  supraorbital  styli  on  each  side,  the 
anterior  styli  more  lateral  than  in  Cymbiodyiay  in  which  they  are  set  nearer  the  median 
line  than  the  posterior  styli;  an  inconspicuous  tubercle  on  each  side  of  the  median 
line  near  the  vertical  margin. 

Pronotum  smooth,  its  anterior  margin  somewhat  trilobed  and  its  posterior  margin 
straight,  slightly  indented  just  in  front  of  the  base  of  the  elytra.  The  styli  are 
arranged  as  follows:  ten  on  the  lateral  and  anterior  margins,  two  of  which  are  on  the 
middle  lobe;  eight  on  the  posterior  margin  counting  the  two  corner  ones;  two  on  the 
middle  lobe  just  posterior  and  slightly  lateral  of  the  two  anterior  styli  (these  four 
styli  are  more  in  a  transverse  line  than  in  Cymbiodyta)  and  a  transverse  row  of  four 
in  the  middle,  the  outer  two  a  very  little  anterior  the  inner  pairs.  Mesonotum  and 
metanotum  with  a  transverse  row  of  two  styli.  Inner  spur  of  met^tibia  fairly  promi- 
nent, an  outer  adjacent  spur  less  prominent.  Tarsi  not  ending  in  a  spine  but  blunt 
and  tibi^  not  noticeably  spinous  on  the  outer  side,  although  the  meso-  and  metatibi® 
have  slight  indications  of  spines.  First  abdominal  tergite  with  a  transverse  row  of 
four  styli;  second  to  seventh  tergites  inclusive,  with  a  transverse  row  of  six  styli,  the 
outer  one  on  each  side  arising  from  a  tubercle;  second  to  seventh  pleurites  with  a 
stylus;  eighth  tergite  semicircular,  the  rounded  posterior  margin  bearing  two  styli; 
ninth  segment  with  a  pair  of  tapering,  fleshy  cerci,  a  little  longer  than  the  sixth  to 
ninth  tergites  together  (1.2  mm.),  extending  caudad  and  very  slightly  diverging. 
Ninth  stemite  with  prominent,  acute,  axtemo-caudal  angles.  A  pair  of  appendages 
arise  from  between  the  eighth  and  ninth  sternites  and  extend  caudad  on  either  side  of 
the  median  line  to  the  base  of  the  cerci  and  closely  appressed  to  the  ninth  segment. 


PhilydruB  nebulosua  Say 

Plate  I,  Figure  9 

This  species  is  very  close  to  P.  perplexus  in  its  early  stages  and  the 
egg-cases  have  no  distinctive  characteristics  for  their  separation.  From 
thirteen  egg-cases,  an  average  of  19  larvae  were  obtained  with  24  and  11 
as  the  extremes.  Eggs,  laid  on  March  16,  hatched  on  the  25th.  They 
seemed  to  feed  readily  on  the  entomostracans,  Chironomidse,  Tubifex^ 
etc.,  in  the  aquarium,  and  the  first  molt  was  noted  in  eight  days.  I 
failed  to  see  the  second  molt  but  on  June  3  pupae  were  observed  on 
Cladophora^  which  had  pushed  just  above  the  surface  of  the  water.  The 
newly  hatched  larvae  measured  2.256  mm.  in  length  by  0.312  mm.  The 
inner  surfaces  of  the  anterior  pieces  and  anterior  teeth  of  the  mandibles 
and  flap  of  labrum  much  more  prominently  toothed  than  in  perplexm. 
These  latter  serrations  seem  to  keep  prominent  in  the  more  mature  larvae, 
although  most  of  the  fully  grown  larvae  are  hardly  distinguishable  from 
P.  perplexus. 


Digitized  by 


Google 


70  Bulletin  American  Museum  of  Natural  History  [Vol.  XLII 

The  pupa  is  identical  with  that  of  perplexus,  except  that  it  is 
generally  smaller.    Length,  4.5  mm.;  width,  1.6  mm. 

PhilydruB  ochraceus  Melsheimer 
Plate  XIV,  Figure  11 

As  this  is  our  smallest  Philydrus,  the  stages  are  smaller  throughout. 
The  egg-case,  which  is  characteristic  of  this  genus,  is  much  more  flat- 
tened than  in  the  other  species  and  the  ribbon  seems  to  be  correspond- 
ingly broader.  The  length  of  the  case  proper  is  1.32  mm.,  its  width  about 
the  same,  while  the  filament  is  twice  as  long,  or  2.65  mm.,  in  the  speci- 
mens at  hand.    An  average  of  twelve  eggs  hatched  from  each  case. 

Newly  Hatched  Larva. — Length,  1.97  mm.:  width  0.288.  mm.  Chitinized  parts 
light  yellow;  and  reddish  eyes  are  distinct.  Inner  surface  of  the  anterior  piece  of 
each  mandible  distinctly  serrate;  the  right  anterior  tooth  dentate  but  the  left  anterior 
tooth  and  the  right  posterior  tooth  simple. 


Philydrus  cinctus  Say 

Although  I  question  whether  it  is  the  customary  habit  of  this 
species  to  omit  the  usual  outer  covering,  yet  such  was  the  condition 
found  in  one  of  the  indoor  aquaria.  On  June  4,  1915,  a  female  laid  a 
mass  of  thirty  eggs,  perpendicular  to  a  stone  under  some  Cladophora 
and  with  only  the  loose  inner  spinning  of  silk  to  cover  it.  Unfortunately, 
the  eggs  did  not  hatch.  The  full-grown  larva,  measuring  7.9 nun.,  was, 
however,  captured.  It  had  no  serrations  on  the  mandibles  and  the  labro- 
clypeus  possessed  a  single  tooth  at  the  extreme  right  and  left.  Serrate 
flap  with  four  inconspicuous  t^eth  Pupation  occurred  on  July  20  and 
the  adult  emerging  on  the  23rd  was  entirely  light  brown. 

Philydrus  hamiltoni  Horn 

An  adult  female  taken  on  May  11, 1916,  deposited  an  egg-case  on  a 
moneywort  leaf  in  the  aquarium  the  15th,  and  thirty  larvae  hatched  out 
on  May  20  and  21 .  On  the  same  day  that  the  adult  was  collected,  an  egg- 
case  was  taken  in  Vanishing  Brook,  where  it  was  attached  to  a  blade  of 
grass  at  the  edge  of  the  water.  The  egg-case  proper  is  3.4  mm.  wide  at 
the  middle  and  2.3  mm.  high.  The  filament,  which  spread  out  over  the 
surface  of  the  leaf,  measured  2.3  mm.  in  width  and  6.8  mm.  in  length.  It 
is  of  about  the  same  breadth  throughout  and  in  this  respect  is  more  like 
ochraceus  than  nehulosus  or  perplexus. 
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Newly  Hatched  Larva. — Length,  2.66  mm.;  width,  0.39  mm.  Chitinized 
parts  mostly  brownish;  the  anterior  of  the  head,  however,  except  the  palpus  of  the 
maxilla,  light  yellowish.  Inner  surface  of  the  anterior  piece  of  each  mandible  serrate. 
The  right  distal  inner  tooth  serrate  but  the  distal  left  and  the  right  proximal  inner 
teeth  are  simple.  The  serrate  flap  of  the  labrum  is  fairly  conspicuous  and  with  a  very 
prominent  tooth  at  the  left. 

AncMKA  Thomson  {ex  parte  Cryniphilus^) 

There  is  hardly  a  stream  or  pool  in  the  vicinity  of  Ithaca  that  will 
not  yield  the  only  representative  of  this  genus  which  frequents  our 
waters,  Anccena  infuscata.  The  specific  name  is  well  applied  but  close 
examination  is  necessary  to  be  absolutely  positive  that  it  Is  not  the  closely 
related  Paracymus  subcupreus.  The  most  ready  character  for  their 
separation  lies  in  the  nature  of  the  hind  femur  which  in  infuscata  is 
densely  punctulate  and  pubescent,  except  near  the  tip;  while  in  sub- 
cupreus it  is  smooth,  finely  strigose,  and  not  pubescent  but  with  a  few 
scattered  punctures. 

Although  very  often  taken  together,  yet  some  collecting  grounds  will 
show  one  or  the  other  of  these  species  to  be  in  predominance,  A,  infus- 
cata being  the  more  numerous  as  a  rule.  The  adults  are  particularly 
abundant  during  certain  seasons.  The  spring  season  collecting  brings 
the  richest  harvest  and  hundreds  of  them  may  be  taken  in  single  clmnps 
of  grass,  the  roots  of  which  are  submerged  in  the  waters  of  little  pools  or 
streams  during  the  week  following  the  spring  flood.  They  rarely  seek 
the  sunlight,  at  least  in  cool  or  cloudy  weather,  but  hide  beneath  the 
blades  of  grass,  leaves,  or  debris  at  the  shore-line.  One  day,  however,  a 
group  of  them  was  noted  dotting  the  upper  surface  of  some  submerged 
stones;  they  were  apparently  basking  in  the  sunlight  and  very  much 
resembled  small  scale  insects.  When  searching  for  their  place  of  hiber- 
nation, several  were  taken  in  April  a  few  feet  from  the  water  under 
stones  and  pebbles. 

D'Orchymont  described  the  larva  of  Anccena  limbata.  This  species 
closely  resembles  Paracymus  subcupreus  but  differs  considerably  from  A . 
infuscata. 

Anc»na  infuscata  Motschulsky 

Plate  XV 

The  egg-cases  are  similar  to  those  formed  by  Laccohius,  from  which 
they  are  separated  with  difficulty.  My  notes  for  the  season  of  egg-laying 
give  only  the  month  of  May.    The  nimiber  of  eggs,  enclosed  in  the  case, 

iThifl  18  the  origiiutl  Bpelling  of  the  genus.     Later  authors  Incorrectly  used  Creniphilus. 
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varied  from  five  to  eight,  and  ten  days  were  required  for  eggs  laid  in  the 
aquaria  on  May  12  to  hatch.  It  is  possible  to  obtain  larvae  during  nearly 
the  whole  year,  if  the  aquarium  is  well  stocked  with  adults.  Records 
show  them  to  be  present  from  April  to  October,  inclusive,  besides  during 
^ebruar}^  A  number  of  fairly  well-grown  larvae  were  found  under  a 
stick  in  a  moist  situation  on  May  28.  As  pupae  were  observed  during  the 
middle  of  July,  the  larval  period  is  probably  of  about  two  months' 
duration. 

Egg-cases. — Case,  without  its  filament,  nearly  round  and  varies  in  size,  as  does 
the  filament.  The  case  proper  averages  1.13  mm.  in  ^dth  and  1.08  mm.  in  length; 
and  the  filament,  0.44  mm.  in  width  at  its  base  and  3.47  mm.  in  length.  The  top  of  the 
egg-case  tends  to  be  sUghtly  flat  and  the  cap  is  continuous  with  the  filament,  forming  a 
slight  cavity  at  the  base  of  the  filament,  which  tapers  slightly  towards  its  tip  and  is 
flat  and  ribbon-like. 

Newi.t  Hatched  Larva. — Length,  1.67-1.93  mm.;  width,  0.296  mm.  Whitish, 
except  chitinized  portions  which  are  yellowish;  integument,  including  thoracic 
sclerites,  dotted  with  minute  setae  which  arise  from  microscopic  tubercles. 

Head  quadrangular,  very  slightly  elevated;  fronto-clypeal  suture  weakly  in- 
dicated, more  prominent  at  the  sides;  frons  somewhat  campanula te,  its  rounded 
posterior  end  attaining  the  caudal  margin  of  the  head  so  that  there  is  no  epicranial 
suture  and  the  postfronto-vertical  sclerites  do  not  meet;  gula  pentagonal,  and  the 
gular  sutures  prominent  and  confluent;  two  small,  horizontal,  elongate,  cervical 
sclerites  present. 

Labro-clypeus  with  its  anterior  margin  nearly  in  line  with  the  lateral  expansions 
of  the  epistoma,  quadridentate  and  possessing  a  row  of  four  setje.  Left  expansion 
slightly  more  prominent  than  the  right,  both  rounded  and  bearing  a  few  short  setae. 
Epipharynx  spinous. 

Ocular  areas  in  groups  of  six  and  indistinct,  arranged  somewhat  in  a  circle;  the 
first  three  equidistant  and  with  their  axes  nearly  vertical,  while  the  other  three  have 
their  axes  nearly  horizontal. 

Antennae  fairly  short,  barely  exceeding  the  distal  inner  tooth  of  the  mandible; 
first  segment  nearly  equal  to  the  second  in  w*idth,  a  Httle  longer  and  slightly  con- 
stricted; second  segment  swollen  somewhat  in  the  middle  and  bearing  a  colorless, 
finger-Uke  appendage,  in  addition  to  the  sense-cones  at  the  latter's  base;  third  segment 
the  same  length  as  the  appendange  of  the  second  segment,  about  twice  as  wide  and 
long  as  the  second  segment,  and  bearing  at  its  extremity  several  sense-cones  and 
several  long  setae. 

Mandibles  synmietrical,  fairly  prominent,  sharply  pointed  at  their  tips  and  with 
three  strong  inner  teeth,  the  anterior  two  about  the  same  size  and  larger  than  the 
small  basal  tooth;  molar  areas  smooth. 

Maxillae  with  joint-like  palpifer;  stipes  large,  swollen,  slightly  narrowed  towards 
the  apex,  longer  than  the  palpifer  and  palpus  together,  its  inner  surface  provided  with 
a  row  of  five  stout  setae,  and  two  lateral  slender  setae  on  its  distal  half,  one  placed 
behind  the  other;  palpifer  fairly  large,  about  the  same  width  as  its  palpus,  nearly  as 
wide  as  long,  bearing  a  single,  stout,  inner,  lateral  seta  near  its  base  and  a  rudimentary 
lobe,  possessing  apical  setae;  first  segment  of  palpus  about  the  same  length  as  the 
rudimentar>'  lobe  of  the  palpifer  and  equal  to  the  second  in  length  and  width,  while 
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the  third  segment  is  about  as  long  as  the  first  two  together  and  nearly  as  wide;  each 
bears  a  few  slender  set«,  the  terminal  segment  with  a  group  of  sense-cones  at  its 
extremity. 

Labium  slightly  exceeding  the  inner  distal  tooth  of  the  mandible;  submentum 
small;  mentum  and  palpiger  cylindrical  and  about  the  same  size;  mentum  with  short, 
stout  setae  mounted  on  tubercles;  palpiger  with  a  longitudinal  row  of  three  distal  setae 
on  each  side  of  the  median  line  and  an  additional  pair  just  inside  the  middle  pair  of 
the  latter  row;  palpus  with  first  segment  short,  second  segment  about  three  times  as 
long  and  bearing  sense-cones  and  setae  at  its  tip  as  well  as  at  its  base;  ligula  present 
and  nearly  as  long  as  the  second  segment  of  the  palpus. 

Prothorax  with  sides  shghtly  rounded,  a  little  wider  than  the  head;  anterior 
margin  of  pronotum  fringed  with  a  row  of  minute  setae  set  close  together;  epicranial 
suture  present;  prostemum  with  two  fairly  large  sclerites  in  front  of  the  coxae  touch- 
ing along  the  median  line  but  not  highly  chitinized;  meso-  and  metathorax  shorter 
than  the  prothorax  and  about  the  same  size  as  each  other;  the  two  sclerites  of  the 
meaonotum  large,  with  the  anterior  margin  of  the  whole  concave;  two  triangular 
sclerites  present  in  the  pro-mesotergal  suture;  the  spiracles  on  tubercles  at  the  extemo- 
frontal  angles  of  the  mesothorax;  metanotum  with  two  pairs  of  elongate  sclerites; 
the  caudal  pair  smaller  and  each  with  a  prominent  seta  on  its  inner  half. 

Legs  short,  a  little  longer  than  one-half  the  width  of  the  thorax  but  with  just  the 
distal  end  of  the  tibiae  and  tarsi  showing  from  above;  coxae  transverse;  femora  a 
little  bnger  than  the  tibiae;  tarsi  claw-like,  shorter  than  the  latter,  bearing  a  promi- 
nent inner  seta,  and  another  less  prominent  one  towards  the  base;  the  two  anterior 
coxffi  are  closer  together  than  the  four  posterior  coxae,  which  are  about  the  same  dis- 
tance apart. 

Abdomen  with  eight  distinct  segments  only  slightly  narrowed  caudally,  ninth 
and  tenth  segments  forming  the  atrium.  The  first  seven  tergites  similar  and  each 
^th  two  transverse  folds  while  the  intersegmental  membrane  has  only  one.  The 
P^xscutvm  of  each  of  the  first  seven  tergites  bears  a  padr  of  small,  oval,  chitinized 
p&iches,  the  first  pair  being  more  prominent  and  elongate  than  the  other  six.  A 
prominent  lateral  tubercle  present  on  both  the  segment  and  the  membrane,  the 
one  on  the  former  being  larger  and  more  rounded  than  that  on  the  latter.  Below  the 
lateral  tubercle  of  the  segment  there  are  two  others.  The  tubercles  on  the  folds  are 
hard  to  make  out  but  are  arranged  in  transverse  rows  as  follows :  six  on  the  first  fold 
of  the  segment,  the  middle  pair  united  by  a  small  narrow  fold;  eight  on  the  second 
fold;  and  six  on  the  intersegmental  membrane,  the  middle  pair  united  by  a  small 
narrow  fold.  The  pair  of  tubercles  on  each  side  of  the  middle  pair  of  tubercles  of  the 
second  fold  bear  a  seta.  Each  spiracle  situated  between  the  outer  pair  of  tubercles 
of  these  first  two  folds.  The  eighth  tergite  represents  the  superior  valve  of  the 
stigmatic  atrium.  The  structure  of  the  atrium  is  similar  to  that  of  Laccobius.  The 
caudal  border  of  the  superior  valve  is  nearly  straight,  slightly  rounded  in  the  middle. 
The  procerci  and  especially  the  mesocerci  are  quite  prominent ;  the  lateral  seta  of 
each  is  slender  but  strong  and  slightly  wavy. 

Full-grown  Larva. — Length,  3.76  mm.  (5.11  mm.  extended);  width  at  the 
fourth  abdominal  segment,  1.21  mm.;  depressed.  Light  yellowish ;  head  and  thorax 
darker  than  the  abdomen  with  the  exception  of  the  abdominal  tubercles,  which  are 
brownish  and  more  pronoimced  than  in  the  first  instar.  The  tubercle  on  each  side  of 
the  middle  pair  of  tubercles  on  the  second  fold  of  each  segment  is  the  most  prominent 
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of  all  the  tubercles  and  together  they  form  two  longitudinal  rows,  especially  distinct 
in  freshly  molted  larvae.  The  three  pairs  of  lateral  tubercles  on  each  segment  are  very 
prominent.  The  sternites  possess  three  folds  and  the  ventral  side  of  the  interseg- 
mental membrane  one.  The  setae  on  the  anterior  margin  of  the  pronotum  are  sparser, 
about  fifte^  on  each  side  of  the  median  line,  but  longer,  more  prominent.  Legs  not 
visible  from  above.  Dorsal  plate  of  eighth  segment  slightly  lobed  medially  at  its 
caudal  margin.  Head,  dorsally,  0.35  mm.  long  and  0.43 -nmi.  wide;  retractile  as 
far  as  the  ocular  areas.  Ligula  longer  than  the  second  segment  of  the  palpus.  A 
transverse  row  of  ten  stout,  dorsal  setae  noted  on  the  mentum  nearly  through  the 
middle  and  directed  forward;  the  inner  two  setae  seem  to  be  on  the  epiphar3mx, 
which  bears  short  and  stout  setae. 


Pa&actmus  Thomson  {ex  parte  Cryniphilus) 

As  suggested  under  Anesena,  this  genus  is  very  closely  allied  to  that 
one.  They  were  formerly  united  under  Cryniphilus.  The  ready  char- 
acters which  distinguish  the  single  local  species,  subcupreuSj  from 
Anccena  infuscata  have  been  given  under  that  genus.  Zambeu  found  the 
pupa  of  Paracymus  ceneus  beneath  a  stone  near  water  but  his  descrip- 
tion was  very  superficial.  This  is  the  only  observation  made  upon  the 
life  history  of  the  genus,  with  the  possible  exception  of  the  description 
of  Anccena  limbataj  which  may  in  reality  belong  to  Paracymus, 

Paracymus   subcupreus  Say 

Plate  XVI 

The  eggs  are  not  enclosed  in  a  case  but  only  covered  with  scattered 
threads  of  silk.  Most  of  the  egg-laying  occurs  in  May  but  one  egg-mass 
was  obtained  indoors  on  April  20.  The  number  deposited  varied  from 
ten  to  fifteen,  and  the  eggs  usually  hatched  in  about  seven  days. 

Two  pupae  were  taken  on  July  19  from  cells  which  were  formed  less 
than  an  inch  below  the  surface  of  the  ground  and  two  feet  from  the  edge 
of  the  water.  The  length  of  the  pupal  period  was  four  days,  as  shown  by 
a  larva  which  was  reared  in  the  aquarium.  It  transformed  on  September 
12  at  noon  and  emerged  on  the  afternoon  of  the  16th.  Another  pupa, 
collected  on  August  1 1  from  a  cell  underneath  a  stone,  came  out  on  the 
13th. 

The  adult,  upon  emergence,  was  colored  as  follows:  head  brown, 
with  eyes  darker;  tips  of  the  maxillary  palpi  almost  black;  antennal 
clubs  white;  thorax  and  scutellum  brown  but  lighter  than  the  head; 
legs  hght  browTi;  elytra  white  except  light  brown  margins  along  the 
median  line;  under  side  of  abdomen  white. 
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Ego-case. — Eggs  are  covered  only  with  loosely  applied  silk  and  each  measures 
0.54  mm.  in  length  and  0.027  nmi.  in  width. 

Newly  Hatched  Larva. — Length,  1.13  mm.;  width,  0.288  mm.  Whitish, 
except  chitinized  portions  which  are  brownish;  integument,  including  thoracic 
sclerites,  dotted  with  minute  setae. 

Head  quadrangular,  very  slightly  elevated;  fronto-clypeal  suture  weakly  in- 
dicated, more  prominent  at  the  sides;  frontal  sutures  converging  strongly  caudally 
as  far  as  the  middle  of  the  head,  then  slightly  diverging  to  the  posterior  margin  of  the 
head;  and  united  by  a  transverse  suture  which  runs  along  the  hind  margin  of  the 
head  so  close  that  it  is  hardly  noticeable;  epicranial  suture  absent  and  the  postfronto- 
vertical  sclerites  widely  separated;  gula  reduced,  pentagonal,  ^-ith  its  sides  concave, 
especially  the  latero-anterior  ones;  the  anterior  angles  acute;  gula  sutures  prominent 
and  confluent;  two,  small,  oval,  cervical  sclerites  present. 

Labro-clypeus  tridentate,  the  outer  two  teeth  bifid,  with  a  row  of  four  sets, 
each  of  which  is  located  between  the  five  teeth.  Left  frontal  angle  slightly  less  promi- 
nent and  less  advanced  than  the  right,  which  is  nearly  in  line  with  the  anterior  margin 
of  the  labro-clypeus.  Both  angles  rounded  and  bearing  a  few  short  setae.  Epipharynx 
spinous. 

Ocular  areas  roundish;  in  groups  of  six  and  indistinct;  arranged  somewhat  in  a 
circle. 

Antennae  fairly  short,  barely  exceeding  the  distal  inner  tooth  of  the  mandible; 
first  segment  a  little  wider  and  longer  than  the  second  and  slightly  indented  on  the 
inner  side;  second  segment  swollen  and  bearing  a  colorless,  finger-like  appendage,  in 
addition  to  the  sense-cones  at  the  latter 's  base;  third  segment  about  the  same  length 
as  the  appendage  of  the  second  segment,  two-thirds  as  long  and  half  as  wide  as  the 
second  segment,  and  bearing  several  sense-cones  and  a  prominent  terminal  seta. 

Mandibles  synmietrical,  prominent,  sharply  pointed  at  their  tips  and  with  two 
strong  inner  teeth;  serrations  on  the  inner  surface  of  the  tip  as  well  as  on  the  inner 
surfaces  of  the  inner  two  teeth  but  indistinct,  those  on  the  left  mandible  more  promi- 
nent;  molar  areas  smooth. 

Maxillae  with  joint-like  palpifer;  stipes  large,  swollen,  very  slightly  narrowed 
towards  the  apex,  much  shorter  than  the  palpifer  and  palpus  together,  with  a  stout 
inner  disto-lateral  seta  (there  may  be  a  row  but  it  was  not  observed)  and  a  number  of 
small,  stout  dorsal  setae  mounted  on  tubercles;  palpifer  large,  a  little  wider  than  long, 
bearing  a  single,  stout,  inner  lateral  seta  near  its  base  and  a  rudimentary  lobe,  pos- 
sessing several  short,  apical  setae,  besides  a  single  longer  seta ;  palpus  slightly  narrowed 
towards  the  apex,  all  segments  about  the  same  length;  first  segment  nearly  three 
times  the  length  of  the  rudimentary  lobe  of  the  palpifer;  the  terminal  segment  with  a 
group  of  sense-cones  at  its  extremity;  articulating  maxillary  piece  well  developed. 

Labium  slightly  exceeding  the  distal  inner  tooth  of  the  mandible;  submentum 
very  small;  mentum  subcordiform,  narrower  and  shorter  than  the  palpiger,  which  is 
broadened  distally  and  bears  a  seta  on  each  side  of  the  median  line  near  the  anterior 
margin;  palpus  with  second  segment  more  slender,  one  and  a  half  times  as  long  as 
the  first  segment  and  possessing  sense-cones  at  its  extremity;  ligula  nearly  as  long  as 
the  palpus,  apparently  two-segmented,  the  first  segment  nearly  as  long  as  the  first 
segment  of  the  palpus 
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Prothorax  with  angles  rounded,  slightly  wider  than  the  head;  pronotum  well 
developed,  entirely  chitinized,  two  tubercles  on  each  side  of  its  caudal  half,  two  setae 
on  each  side  just  inside  of  the  lateral  half  of  the  anterior  margin;  sagittal  line  present; 
prostemum  chitinized  in  front  of  the  coxae.  Meso-  and  metathorax  shorter  but 
slightly  wider  than  the  prothorax  and  about  the  same  size  as  each  other;  mesonotum 
with  two  large,  quadrangular  sclerites  almost  as  wide  as  the  segment  but  not  attaining 
the  sides;  a  lateral  tubercle  on  each  side  and  a  spiracle  on  the  tip  of  a  minute  tubercle 
in  front  of  each;  metanotum  with  a  pair  of  narrow,  elongate  sclerites  on  its  anterior 
half;  the  posterior  half  with  two  areas,  corresponding  in  position  to  the  sclerites  on 
the  anterior  half,  chitinized  and  with  two  tubercles  arising  from  each;  a  lateral 
tubercle  bearing  a  short,  colorless  seta  present  on  each  side. 

Legs  short,  not  visible  from  above,  about  as  long  as  half  the  vndih  of  the  thorax; 
coxae  transverse  and  grooved  to  receive  the  femora;  femora  a  little  longer  than  wide; 
tibiae  about  as  wide  as  long  and  shorter  than  the  femora;  tarsi  claw-like,  inconspicu- 
ous, shorter  than  the  latter,  and  bearing  a  single  inner  seta;  the  two  anterior  coxae 
are  closer  together  than  the  four  posterior  coxae  which  are  about  the  same  distance 
apart. 

Abdomen  with  eight  distinct  segments,  the  first  three  slightly  widened,  the  next 
five  narrowed  very  slightly  caudally  and  the  ninth  and  tenth  forming  the  atrium. 
First  seven  tergites  similar  and  each  with  three  transverse  folds,  clearly  defined  only 
in  the  middle;  intersegmental  membranes  with  a  single  fold;  each  praescutum  bears 
a  pair  of  oval  chitinized  patches.  The  tubercles  on  the  folds  are  arranged  as  follows: 
one  each  side  of  the  first  and  third  folds  about  half-way  between  the  median  line  and 
the  side  of  the  segment;  two  tubercles  on  each  side  half-way  between  the  former 
tubercles  and  the  lateral  tubercle  of  the  segment;  one  placed  nearly  behind  the  other 
(the  anterior  one  bears  the  spiracle) ;  two  on  the  second  fold,  each  arising  from  an 
elongate  chitinized  area  on  each  side  of  the  median  line;  a  dorsal  tubercle  on  each 
side  of  the  intersegmental  membrane.  The  middle  region  of  the  membranes  has  a 
narrow,  elongate,  chitinized  area.  Spiracles  on  small  tubercles.  There  are  apparently 
three  longitudinal  rows  of  lateral  tubercles,  the  dorsal  two  being  the  most  prominent. 
The  eighth  tergite  represents  the  superior  valve  of  stigmatic  atrium.  The  caudal 
margin  nearly  straight  but  indistinctly  lobed.  The  mesocerci  prominent  and  broadly 
dome-shaped. 

Full-grown  Larva.— Length,  4.57  mm.  (extended);  width,  1.02  mm.  at  the 
third  abdominal  segment;  not  depressed.  Yellowish  except  tubercles,  which  are 
brownish  and  much  more  pronounced  than  in  the  first  instar. 

Head,  dorsally,  0.4  mm.  wide  and  0.35  mm.  wide;  retractile.  Epiphar>'nx  with 
spinous  surface  prominent.  Antennal  segments  more  elongate.  Labro-clypeus 
with  the  teeth  prolonged  forward  more  distinctly,  tridentate;  lateral  tubercles  promi- 
nent and  subconical.  There  are  three  transverse  folds  on  each  abdominal  stemite 
and  one  on  the  ventral  side  of  the  intersegmental  fold. 

Pupa. — Length,  2.42  mm.;  width  at  its  thorax,  1.345  mm.  Entirely  whitish, 
except  the  eyes.  Head  smooth  and  bears  two  supraorbital  styli.  Pronotum  smooth, 
its  anterior  margin  somewhat  trilobed  and  its  posterior  margin  straight.  The  styli 
are  arranged  as  follows:  ten  near  the  anterior  margin,  four^  of  which  are  on  the  middle 
lobe;    ten'-'  near  the  posterior  margin  counting  the  two  corner  ones;  a  transverse  row 


'The  outer  two  of  these  are  more  anterior  in  position  than  in  Cymhiodyla  or  Philydrus. 
'Medio-lateral  setje  are  more  posterior  so  that  they  may  be  considered  in  the  posterior  row. 
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of  four  just  a  little  anterior  of  the  middle,  with  the  outer  two  set  a  little  more  forward 
than  the  inner  two.  Metathoracic  pterotheca;  visible  from  above.  Mesonotum  and 
metanotum  smooth,  with  a  transverse  row  of  two  styli,  each  just  lateral  of  the  scutel- 
lum.  Inner  spur  of  metatibia  not  very  prominent  and  blunt,  no  outer  adjacent  spur 
present.  Tarsi  not  ending  in  a  spine  but  blunt  and  tibiae  not  noticeably  spinous  on 
the  outer  side,  although  all  tibise  have  slight  protuberances.  First  to  seventh  ab- 
dominal tergites  with  a  transverse  row  of  six  styli,  the  outer  one  on  each  side  arising 
from  a  tubercle;  second  to  seventh  pleurltes  each  with  a  stylus;  eighth  tergite  semi- 
circular, the  roimded  posterior  margin  bearing  two  styU;  ninth  segment  with  a  pair 
of  tapering,  fleshy  cerci,  about  as  long  as  the  ninth  tergite  (0.215  mm.),  extending 
caudally  and  slightly  diverging.  Externo-caudal  angles  of  ninth  sternite  not  promi- 
nait  and  acute.  A  pair  of  appendages  arise  from  between  the  eighth  and  ninth 
stemites  and  extend  caudally  on  either  side  of  the  median  line  to  the  base  of  the  cerci 
and  closely  appressed  to  the  ninth  segment.    Spiracles  well  defined  but  small. 

9.    Sph»ridiin»^ 

Eggs  laid  in  a  mass  with  a  slight  covering  of  loosely  applied  silk  or  a  round 
blanket-like  covering  of  closely  applied  silk  (Phcenonotum) ;  deposited  in  dung,  damp 
earth,  or  on  damp  leaves.  Larva  with  head  elevated;  antennae  with  their  points  of 
insertion  situated  farther  from  the  extemo-frontal  angles  of  the  head  than  those  of 
the  mandibles;  epicranial  sutiu^  absent;  ocular  areas  fiat,  round,  smaU,  varying  in 
siie  (first  to  third  larger  than  fourth  to  sixth  in  Phcenonotum  and  Ccelostomd)  and 
closely  aggregated;  labrum  and  clypeus  reduced  and  united ;  with  a  small  projection 
usually  unidentate  but  tridentate  in  Ph(Bnonotum;  antennae  with  a  more  or  less 
prominent  antennal  appendage;  mandibles  sharply  pomted  distally,  strongly  curved 
and  with  inner  teeth,  or  without  inner  teeth  and  grooved  on  the  inner  side  (Sphceri- 
dium) ;  stipes  widened  and  depressed  on  the  outer  side  in  Sphwridium  and  Cercyon  but 
normal  in  Phctnanotum  and  Coelostoma;  stipes  with  many  small  setae  on  its  inner  and 
outer  sides;  second  segment  of  labial  palpus  distinctly  longer  than  the  first;  labium 
and  maxillffi  inserted  at  the  anterior  margin  of  the  under  side  of  the  head;  the  ventral 
side  of  the  head  in  SphcEridium  and  Cercyon  with  the  median  line  impressed  and  with 
a  small  pit  in  the  middle;  gula  very  much  reduced  and  not  attaining  the  occipital 
opening;  jugular  sclerites  (in  front  of  procoxae)  well  developed;  tarsi  present  (Ccelo- 
itoma^  P/Kpmmo^Mm),  tarsi  absent  {Sphaeridium)yOT  legs  entirely  wanting  {Cercyon). 
Eight  complete  abdominal  segments;  ninth  and  tenth  reduced,  forming  a  stigmatic 
atrium.  Spiracles  are  rudimentary  and  bifore.  Type  of  breathing  is  pseudo-meta- 
pneustic.  Cerci  reduced,  two-segmented.  The  abdomen  bears  no  chitinized  plates 
and  is  more  or  less  truncate.  The  larvae  show  a  tendency  towards  the  scarabaeoid 
type. 

III.    PHYLOGENETIC  CONSIDERATIONS 

Among  the  Hydrophilidae  there  has  been  an  evolution  of  distinct 
generic  types.  This  is  particularly  evident  among  the  larvae  and,  in  an 
endeavor  to  show  the  general  trend  of  adaptation,  a  phylogenetic  tree 

^This  subfamily  requires  very  much  additional  study  but  the  characters  thus  far  known  and  those 
UkeD  from  additional  material  at  hand  have  been  incorporated.  The  larvee  of  Phanonotum  and  Calo- 
itoma  (tiffer  materially  from  those  of  SphcBridium  and  Cercyon. 
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(page  81),  based  entirely  upon  larval  characters,  has  been  erected. 
Just  what  value  the  larval  characters  have  for  purposes  of  classification 
is  a  question.  As  a  rule,  the  larvae  and  adults  of  this  family  appear  to 
have  evolved  hand  in  hand  but,  in  some  cases,  it  is  evident  that  one 
speciahzed  while  the  other  tended  to  remain  primitive.  Nevertheless, 
some  value  must  be  attached  to  these  larval  characters. 

Many  controversies  have  arisen  over  the  question  of  what  deter- 
mines a  primitive  larva.  Brauer,  1869,  established  the  well-known  law: 
^*Je  naher  Larve  und  Imago  einander  und  der  form  der  Stammkerfe 
stehen,  oder  je  weniger  die  imago,  die  Larve  and  vollkommener  Organi- 
sation iibertriflft,  destoalter  ist  die  Form."  The  essential  thought  of 
this  law  has  stood  ever  since  but  qualifications  have  been  necessary. 
Peyerimhoflf,  1900,  in  discussing  this  law,  stated  that  a  careful  examina- 
tion of  aU  parts  is  necessary  to  prove  that  a  larva,  apparently  campodei- 
form,  is  absolutely  primitive. 

Lameere,  1899,  believed  that  holometabolLsm  was  brought  about 
by  the  boring  of  insects  in  vegetable  tissues.  As  a  result,  an  erucifonn 
type  of  larva  was  evolved.  In  1903,  he  said  that  Brauer's  law  could 
only  be  accepted  for  insects  without  metamorphosis  and  that  supposed 
campodeiform  larvae  of  holometabolic  insects  are  only  campodeiform 
in  appearance,  being  the  result  of  ethological  convergence.  They  are 
derived  from  cruciform  larvae  adapted  to  feeding  on  vegetation.  The 
larvae  of  the  primordial  holometabolic  insects  thus  acquire  these  special 
characters  only  through  the  mfluence  of  similar  habits. 

It  was  the  belief  of  Gangldauer,  1904,  that  the  HydropliIIidae  con- 
stitute a  terminal  family  of  a  primitive  branch  of  Coleoptera  whose 
stock  has  been  lost.  The  natural  place,  he  said,  is  between  the  Staphy- 
linidae,  with  which  they  agree  in  the  presence  of  larval  cerci,  and  the 
Diversicornia  with  which  they  agree  in  venation.  He  thus  indicated 
that  the  Diversicornia,  which  he  had  estabUshed  in  1902,  was  not 
monophyletic;  and,  at  the  same  time,  he  indirectly  accepted  Lameere's 
grouping  of  the  HydrophiUdae  under  the  suborder  Palpicomia.  This  is 
apparently  the  most  logical  place  for  the  family. 

In  this  paper  the  true  campodeiform  larva  has  been  considered  as 
the  most  primitive  type.  By  true  campodeiform  larva  is  meant  that 
type  of  campodeiform  larva  which  has  not  been  evolved  by  ethological 
convergence,  but  one  which  is  strictly  primitive.  One  finds  but  little 
difference  between  Limnebius,  Hydroena,  etc.,  and  the  primitive  type.  A 
careful  examination  of  the  specific  parts  in  these  genera  reveals  only 
such  characters  as  are  fundamentally  primitive.    Apparent  vestiges  of 
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the  maxillul®,  which  Carpenter  noted  in  the  Diversicomia,  are  to  be 
found  at  the  sides  of  the  hypopharynx  in  these  forms  and  bear  further 
testimony  to  their  primitive  position. 

The  following  larval  characters  are  considered  primitive. 

1 .  True  campodeifonn  type  of  body. 

2.  Well  chitinixed  integ:ument. 

3.  Head  inclined. 

4.  Ocular  areas  in  groups  of  five. 

5.  Antennse  three-segmented  and  with  their  points  of  insertion  nearer 

the  extemo-frontal  angles  than  those  of  the  mandibles. 

6.  Labrum  and  clypeus  distinct  and  well  developed. 

7.  Mandibles  with  a  lacinia  mobUis. 

8.  Maxilla  with  a  well-developed  inner  lobe. 

9.  Presence  of  rudimentary  maxilluke. 

10.  Labium  short  with  complex  ligula  and  palpi. 

11.  Gula  well  developed  and  attaining  the  occipital  opening. 

12.  Labium  and  maxilke  inserted  in  a  furrow  on  the  under  side  of  the 

head. 

13.  Legs  well  developed;  tarsi  without  claws  but  claw-like. 

14.  Holopneustic  type  with  annuliform  spiracles. 

15.  Cerci  three-segmented. 

16.  Ten  abdominal  segments. 

The  nmnber  of  eggs  deposited  and  the  manner  in  which  they  are 
protected  are  both  important  in  phylogeny.  The  eggs  of  the  most 
primitive  genera  are  laid  singly  and  without  a  silken  covering  or,  at  the 
most,  with  only  a  slight  covering.  On  the  other  hand,  many  eggc-  are 
deposited  in  a  mass  and  enclosed  in  a  complex  case  by  the  members  of 
those  genera  best  adapted  to  aquatic  life. 

The  pupse  of  the  most  primitive  genera  have  not  been  described. 
The  genera  best  adapted  to  water  show  a  reduction  in  the  number  of 
pronotal  styli  and  an  increase  in  the  distinctness  of  the  annulations  of 
these  styli.  The  cerci  become  stouter  and  more  complex,  as  shown  by 
the  possession  of  spines,  more  distinct  annulations,  and  bifid  shape. 

The  most  striking  character  of  phylogenetic  importance  which 
appears  among  the  adults  is,  without  doubt,  the  number  of  abdominal 
stemites.  Those  genera  possessing  six  or  more  sternites  have  larvae 
which  show  a  small  indication,  at  least,  of  their  evolution  from  the  primi- 
tive type.  Berosus  and  Laccohiua  still  possess  a  vestige*  of  a  furrow  on 
the  under  side  of  the  head.  All  other  Hydrophilidse  have  five  abdominal 
stemites*.  Neither  the  antennse  nor  the  tarsi  are  apparently  stable 
adult  characters  and  the  venation  requires  further  study. 

iThis  evidently  represents  the  former  insertion  of  the  labium  and  maxillse  in  a  groove  on  the  under 
side  of  the  head,  and  is  primitive  for  h3rdrophilid  larva. 

^Spercheui  larve  show  primitive  tendencies  but  the  adult  possesses  only  five  abdominal  sternites. 
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Ganglbauer  divided  the  family  into  five  subfamilies:  Helophorinae; 
Hydrseninse;  Sphercheinse;  Hydrophilinae;  and  Sphseridiinae.  It  will 
be  seen  that  four  more  have  been  considered  here.  Recent  authors  have 
laid  stress  upon  larval  characters  in  the  determination  of  subfamilies. 
Limnebiini  was  raised  to  subfamily  rank  by  d'Orchymont,  1913,  and 
Hydroscaphidse  was  placed  under  the  Hydrophilidse,  as  Hydroscaphinse, 
by  Boving,  1916.  If  the  larval  characters  are  to  be  accepted,  surely  the 
Hydrobiini  and  Hydrochoini  are  worthy  of  subfamily  rank.  The  struc- 
tures which  characterize  the  immature  stages  of  these  subfamilies  are 
listed  on  pages  27  and  42  respectively.  The  adult  characters  offer  differ- 
ences as  well.  The  Hydrobiinse  dififer  strikingly  from  the  Hydrophilinae 
in  general  form,  the  latter  being  very  much  better  adapted  to  water  life. 
The  Hydrochoinse  possess  only  seven-segmented  antennae  (the  last 
three  segments  pubescent)  and  six  abdominal  sternites,  the  second  to 
fifth  furrowed  and  the  sixth  unchitinized  but  prominent.  The  Hydraeni- 
nae,  with  which  Ganglbauer  linked  them,  possess  eight-  to  nine-seg- 
mented antennae  (the  last  five  segments  pubescent)  and  six  or  seven 
smooth,  chitinized,  abdominal  sternites. 

An  examination  of  the  phylogenetic  tree  will  show  three  branches 
near  the  base.  The  one  to  the  left  shows  the  trend  of  the  Hydroscaphinae, 
Sperchinae  and  Hydrophilinae.  In  these  subfamilies,  we  find  the  tendency 
to  develop  gills  at  first  and  then  finally  lose  them.  The  branch  at  the 
right  shows  the  divergence  of  the  Helophorinae,^  as  represented  by  Helo 
phoruSy  from  the  primitive  types  of  the  Limnebiinse^  and  Hydraeninae. 
Ganglbauer  considered  Helophorinae  more  primitive  than  those  which 
have  been  placed  nearer  the  base  but  the  only  character  which  could 
possibly  suggest  a  more  generalized  larva  is  its  three-segmented  cerci. 
In  its  other  structures  it  is  very  much  more  specialized. 

On  the  main  branch,  Limnebiinae  and  Hydraeninae  are  near  the  base 
and  lead  toward  the  Hydrobiinae,  with  the  Hydrochoinae  representing 
the  stepping-stone.  The  latter  subfamily  clearly  bridges  the  gap  between 
the  land  forms  and  the  water  forms.  Berosus,  in  its  adaptation  to  water, 
is  clearly  the  most  advanced  of  the  Hydrobiinae.  The  pleural  gills  are 
remarkably  well  developed  and  only  a  slight  indication  of  a  former 
stigmatic  atrium  is  discernible. 

The  branch  with  Hydrohius,  Helocomhus  (?),  Cymhiodyta  and  Helo- 
chares  shows  a  tendency  to  a  sublinear  form  and  the  gradual  reduction  of 
the  nimiber  of  inner  teeth  on  the  mandibles.    It  terminates  in  PhilydruSy 


iThe  larva  of  Helophoru^  closely  resembles  that  of  Hister,  while  the  larvte  of  the  Limnebiiuie  are 
strikingly  similar  to  those  small  Staphyliuida?,  belonging  to  the  Tachyporini,  and  to  Choleva,  Liades, 
and  Agathidium  of  the  Hilphidie. 
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a  genus  possessing  larval  prolegs  and  manifesting  a  relationship  to  the 
cruciform  type  of  larva. 

Anccena  and  ParacymuSy  with  the  gradual  reduction  of  legs,  lead 
through  Cylomo}  to  the  terminus  terrestrey  the  subfamily  Sphaeridiinae. 


IV.    KEYS 

An  attempt  is  made  to  separate  the  genera  in  their  immature  stages. 
Schiodte,  1862,  gave  excellent  keys,  written  in  Latin,  for  all  -the  stages, 
butt  hey  are  necessarily  incomplete.  The  main  divisions  of  his  pupal  key 
have  been  incorporated  here.  The  only  contemporary  work  of  note  is 
the  larval  key  given  by  d'Orchymont,  1913.  His  grouping  of  the  genera 
is  a  very  natural  one;  however,  on  account  of  additional  material,  new 
keys  have  been  considered  advisable.  Representatives  of  all  the  genera 
have  been  examined  with  the  exception  of  Cerct/07i,  the  data  for  which 
have  been  taken  from  literature. 

Key  for  the  Identification  of  the  Egg-cases 

1.  Eggs  laid  singly 2. 

Eggs  laid  in  a  mass • 5. 

2.  Covered  with  silk,  either  closely  or  loosely  applied 3. 

Entirely  naked Ochthebius  (in  part);  Hydroscapha. 

3.  Silk  loosely  applied,  eggs  visible Ochthebius  (in  part);    lAmnebius. 

Silk  closely  applied,  only  contour  of  egg  visible 4. 

4.  Eggs  not  entirely  enclosed,  with  only  a  blanket-like  covering,  nearly  regular 

in  outline,  oval Hydrcma. 

Egg  entirely  enclosed,  irregular  in  outline,  with  little  stanchions . .  Hydrochous. 

5.  Egg-mass  covered  with  closely  applied  silk,  eggs  invisible 6. 

Egg-mass  covered  with  silk,  eggs  visible 17. 

6.  With  a  prominent  projection  at  the  cap  end  (armed) 7. 

Without  a  prominent  projection  (unarmed).     The  projection,  if  present,  is 

represented  only  by  small  strands 14. 

7.  Projection  ribbon-like 8. 

P*rojection  spine-like 12. 

8.  Projection  tubular 9. 

Projection  flattened 11. 

9.  Tubular   projection    opened    distally Helophorus. 

Tubular  projection  closed  distally 10. 

»The  Cyloma  larva  is  not  known,  but  the  adult,  according  to  Ganglbauer.  shows  the  relationahip 
of  the  Hydrobiini  to  the  Sphseridiinap. 
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10.  Projection  distinctly  tubular  proximally.    Case  proper  nearly  spherical. 

Laccobius;    Anccma. 

Projection  not  distinctly  tubular  proximally.    Case  somewhat  chestnut-shaped. 

Contour  of  eggs  visible  at  the  cap  end Berosus. 

11.  FDament  broader  and  often  surrounding  the  cap  end.    Case  nearly  spherical. 

Hydrobius. 
Filament  narrower.    Case  proper  more  elongate  and  smaller PhilydruB, 

12.  Cases  (free  floating)  noticeably  larger.    Cap  hatchet-shaped  and  not  covering 

entire  end 13. 

Cases  (attached  to  aquatic  vegetation)  smaller.    Cap  round  and  covering  entire 
end Tropistemus. 

13.  Case  naked,  spine-like  projection  stout Hydrous. 

Case  enwrapped  in  a  leaf,  spine-like  projection  slender  and  tip  often  bent  over. 

Hydrophilus. 

14.  Eggs  laid  on  damp  leaves  (blanket-like  covering  of  silk) Phamonotum, 

Case  carried  on  the  under  side  of  the  body  by  the  female 15. 

15.  Case  attached  to  the  hind  legs 16. 

Case  held  in  place  by  the  elytra  and  modified  abdominal  segments. 

Epimetopus;  Choetarthria? 

16.  To  the  femora  only Helochares. 

Tc  tht  femora  and  tibiae Spercheus. 

17.  Egg-mass  deposited  near  the  water,  usually  under  fallen  leaves 18. 

Egg-mass  deposited  in  dung  or  damp  earth 19. 

18.  Egg-mass  usually  larger.    Number  of  eggs  varies  from  15-43 Cymbiodyta. 

Egg-mass  usually  smaller.    Number  of  eggs  varies  from  10-15 Paracymus. 

19.  Egg-mass  larger Sphceridium} 

Egg-mass  smaller Cercyon  (?). 


Key  for  the  Identification  of  the  Larvae 

1 .  Nine  complete  abdominal  segments,  the  tenth  reduced  but  distinct.    Integument 

noticeably  chitinized 2. 

Eight  complete  abdominal  segments,  the  ninth  and  tenth  reduced  and  forming 
a  stigmatic  atriiun  (except  in  Berosus  in  which  the  atrium  has  not  developed). 
Integument  not  noticeably  chitinized  (except  in  Hydrochous) 6. 

2.  Head  inclined ;  epicranial  suture  present ;  ocular  areas  in  groups  of  five ;  mandible 

with  lacinia  mobilis:  maxilla  primitive  with  prominent  inner  lobe;  labium 
and  maxillae  inserted  in  a  furrow  on  the  under  side  of  the  head;  gula  well 
developed  and  attaining  the  occipital  opening.  Cerci  absent  or  well  developed 
and  two-segmented 3. 

iNo  account  is  given  of  the  eggs  of  Spharidium  or  Cercyon  except  the  situation  in  which  they  are 
Uid.     I  have  observed  only  a  single  mass  of  Spharidium  eggs. 
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Head  slightly  elevated,  nearly  horizontal;  epicranial  suture  absent;  ocular 
areas  in  groups  of  six;  mandibles  sharply  pointed,  with  inner  teeth;  maxilla 
palpiform;  labium  and  maxilla  ihserted  at  the  anterior  margin  of  the  under 
side  of  the  head;  gula  reduced  and  distant  from  the  occipital  opening. 
Cerci  well  developed  and  three-segmented Helophorus. 

3.  AntennflB  very  short;  ocular  areas  aggregated;   clypeus  lacking  or  fused  with 

labrum;  no  well-defined  spiracles;  tracheal  gills  on  the  prothorax,  and  first 
and  eighth  abdominal  segments;  cerci  absent;  each  abdominal  segment  with 
a  continuous  band  of  chitin;  tenth  or  anal  segment  with  a  ventral  sucker  and 

two  terminal  pencil-shaped  appendices Hydroacapha. 

Antennse  rather  long;  ocular  areas  distant;  clypeus  and  labrum  both  distinct; 
nine  pairs  of  annuliform  spiracles;  no  tracheal  gills;  cerci  two-eegmented 
and  well  developed;  each  abdominal  segment  with  a  ventral  and  dorsal 
plate  of  chitin;  tenth  or  anal  segment  without  a  ventral  sucker  and  with  two 
small  terminal  hooks 4. 

4.  Antennffi  usually  shorter,  with  no  prominent  inner  swellings;  setae  on  the  clypeus 

not  placed  at  the  anterior  margin  and  the  two  median  ones  distant  from  each 
other;  lacinia  mobUis  narrower;  inner  lobe  of  maxilke  not  distinctly  divided 

apically;  cerci  nearly  contiguous  proximally  and  divergent Ochthehius. 

Antennse  usually  longer,  with  prominent  inner  swellings;  setae  on  the  clypeus 
placed  at  the  anterior  margin  and  equidistant;  iocinta  woWZw  broader;  inner 
lobe  of  maxillae  distinctly  divided  apically;  cerci  widely  separated  proximally 
and  nearly  parallel 5. 

5.  Third  segment  of  antennae  without  inner  swellings,  second  segment  with  a 

single  antennal  appendage;  a  pair  of  pectinate  setae  at  the  anterior  margin  of 
the  labrum;  inner  lobe  of  maxillae  slightly  divided  apically;  labium  broadened 

distally Hydrcena, 

Third  segment  of  antennae  with  an  inner  swelling;  second  segment  with  two 
slender  antennal  appendages;  no  pectinate  setae  at  the  anterior  margin  of  the 
labrum;  inner  lobe  of  maxillae  strongly  divided;  labium  not  noticeably 
broadened  distally,  although  sides  of  mentum  are  rounded Limnebius, 

6.  Head  slightly  inclined  or  horizontal;   antennae  with  their  points  of  insertion 

nearer  the  extemo-frontal  angles  than  those  of  the  mandibles;  ocular  areas 
in  groups  of  five  or  six;  labium  and  maxillae  inserted  in  a  furrow  on  the 
under  side  of  the  head;  gula  well  developed  and  attaining  the    occipital 

opening 7. 

Head  elevated;  antennae  with  their  points  of  insertion  farther  from  the  extemo- 
frontal  angles  than  those  of  the  mandibles;  ocular  areas  in  groups  of  six; 
labium  and  maxillae  inserted  at  the  anterior  margin  of  the  imder  side  of  the 
head;  gula  reduced  and  not  attaining  the  occipital  opening 8. 

7.  Ocular  areas  in  groups  of  five,  not  aggregated;   epicranial  suture  very  short, 

nearly  absent;  mandibles  sharply  pointed  and  with  inner  teeth;  palpifer 
with  an  inner  claw-like  lobe;  abdominal  segments  without  chitinous  plates. 

Sperchetts, 
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Ocular  areas  in  groups  of  six,  aggregated;  epicranial  suture  entirely  aosent, 
each  mandible  with  a  terminal  seta,  inner  tooth  and  tacinia  mobUis;  palpifer 
with  the  inner  rudimentary  lobe  not  claw-like;  abdominal  segments  with 
wdl-developed  chitinous  plates Hydrochous. 

8.  Tjrpe  pseudo-apneustic.    Seven  pairs  of  very  prominent  tracheal  gills  present 

on  the  abdomen.    Ninth  and  tenth  abdominal  segments  very  much  reduced 

and  no  stigmatic  atrium  present Berosus. 

T3rpe  peeudo-metapneustic.  Tracheal  gills  not  nearly  as  prominent  or  absent. 
Ninth  and  tenth  abdominal  segments  reduced,  forming  a  stigmatic  atrium . .  9. 

9.  Ocular  areas  round,  usually  small  and  more  closely  aggregated;  legs  reduced  or 

absent;  pleural  lobes  not  prominent;  abdomen  truncate 19. 

Ocular  areas  oval,  larger,  aggregated  but  more  distant;  legs  well  developed, 
visible  from  above  except  in  Paracymus;  pleural  lobes  usually  prominent; 
abdomen  not  noticeably  tnmcate,  more  or  less  elongate 10. 

10."^  First  segment  of  antennse  not  distinctly  longer  than  the  following  two  taken 
together;  finger-like  antennal  appendage  present;  labro-clypeus  with  teeth 
usually  well  defined;  mouth-parts  stouter;  mandibles  not  grooved  internally; 
stipes  large  and  swollen,  usually  with  an  inner  row  of  five  stout  setse:  extemo- 
frontal  an^es  of  mentum  not  prominent,  rounded;  legs  much  shorter,  femora 

without  fringes  of  swimming  hairs;  gills  and  prostyles  absent 11. 

First  segment  of  antennse  distinctly  longer  than  the  following  two  taken  to- 
gether; finger-like  antennal  appendage  absent ;  labro-clypeus  with  teeth  small 
or  absent;  mouth-parts  more  slender;  mandibles  grooved  internally;  stipes 
not  swollen,  with  sets  arranged  differently;  extemo-frontal  angles  of  mentum 
prominent  and  acute;  legs  very  long;  femora  with  fringes  of  long  swimming 
hairs;  gills  present  (Hydrophilusy  Tropietemus)  or  absent  (Hydrous);  pro- 
styles present 17. 

11.  Frontal  sutures  parallel  and  not  uniting  to  form  an  epicranial  suture;  left  ex- 

pansion of  epistoma  much  more  prominent  than  the  right  and  with  a  row  of 
stout  sets;  ligula  absent;  reduced  sclerites  of  meso-  and  metathorax  widely 

separated;  tarsus  well  developed,  about  as  long  as  tibia Laccobius. 

Frontal  sutures  not  parallel  and  may  or  may  not  unite  to  form  an  epicranial 
suture;  lateral  expansions  of  epistoma  similar  and  usually  in  line  with  the 
anterior  margin  of  the  labro-clypeus,  no  rows  of  stout  setae  except  in  Hydro- 
bius;  ligula  present  and  longer  than  the  first  segment  of  the  palpus;  sclerites 
of  meso-  and  metathorax  reduced  but  not  so  widely  separated;  tarsus  less 
developed  usually  much  shorter  than  the  tibia 12. 

12.  Antenns  shorter  and  antennal  appendage  more  prominent,  especially  in  the 

first  stage  larva;    epicranial  suture  absent;    legs  reduced;    abdomen  more 

truncate;  cercus  with  long  terminal  seta 13. 

Antennae  longer  and  antennal  appendage  less  prominent;  epicranial  suture 
present  but  usually  short;  legs  fairly  long,  not  reduced;  abdomen  narrowed 
caudally ;  cercus  with  a  shorter  terminal  seta 14. 
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13.  Frons  truncate  behind;   labrum  tridentate,  the  lateral  teeth  bifid;   mandibles 

symmetrical,  each  with  two  inner  teeth;  palpiger  enlarged  in  front;  ligula 
about  as  long  as  palpi,  apparently  two-segmented;  anterior  margin  of  pro- 
notum  without  a  fringe  of  stout  setae ;  legs  not  visible  from  above . .  Paracymus. 
Frons  rounded  behind;  labrum  quadridentate;  mandibles  symmetrical,  each 
with  three  inner  teeth;  palpiger  not  enlarged  in  front;  ligula  not  as  long  as 
the  palpi,  one-segmented;  anterior  margin  of  pronotum  with  a  fringe  of  stout 
setae;   legs  barely  visible  from  above Anccena.^ 

14.  Mandibles  symmetrical,  each  with  two  or  three  inner  teeth;  abdomen  without 

prolegs 15. 

Mandibles  asymmetrical,  the  right  with  two  inner  teeth,  the  left  with  only 
one;  abdomen  with  prolegs  on  the  third  to  seventh  segments. . .  .PhUydrus. 

15.  Labro-clypeus  with  five  distinct  teeth,  the  outer  left  tooth  a  little  distant  from 

the  rest;  each  mandible  with  three  inner  teeth;  mentum  subquadrangular. 

Hydrobius. 

Labro-clyp>eus  with  at  least  six  teeth;    each  mandible  with  two  inner  teeth; 

mentum  cordiform 16. 

16.  Labro-clypeus  with  six  distinct  teeth,  placed  in  two  groups,  two  on  the  left  and 

four  on  the  right,  mentum  covered  with  small  spines;  anterior  sclerites  of  the 

metathorax  with  caudal  projections Helochares. 

Labro-clypeus  with  more  than  six  teeth,  those  towards  the  right  not  clearly 
defined  and  with  several  smaller  teeth;  mentum  with  small  spines  only  towards 
the  base;  anterior  sclerites  of  the  metathorax  without  caudal  projections, 
rectangular Cymbiodyta. 

17.  Head  subspherical;  labro-clypeus  without  teeth;  each  mandible  with  a  single 

inner  tooth;  ligula  not  longer  than  first  palpal  segment;  gills  absent;  pro- 
notum not  entirely  chitinized Hydrous. 

Head  subquadrangular,  narrowed  behind;  labro-clypeus  with  inconspicuous 
teeth;  each  mandible  with  more  than  one,  usually  with  two  inner  teeth; 
ligula  distinctly  longer  than  first  palpal  segment;  pronotum  entirely  chitin- 
ized, gills  present  but  more  or  less  rudimentary 18. 

18.  Mentum  transverse;  sides  only  slightly  rounded;   fronto-extemal  angles  very 

prominent;  pleural  gills  rudimentary  but  indicated  by  tubercular  projections, 

each  with  several  terminal  setae Tropistemus. 

Mentum,  convex,  with  its  sides  strongly  rounded  towards  its  basal  half,  its 
sides  serrate  in  the  last  instar:  fronto-ext«rnal  angles  less  prominent;  pleural 
gills  fairly  well  developed  and  pubescent Hydrophilus} 

19.  Head  ovate  or  subspherical;    antennal  appendage  shorter;    mandibles  asym- 

metrical; stipes  broadened  and  depressed  on  its  outer  side;  ligula*  exceeding 
the  palpi  and  pointed;  median  line  on  ventral  side  of  the  head  impressed  and 
with  a  small  pit  mid-way;  legs  incomplete;  abdomen  without  ventral  suckers. 

20. 

»The  characters  found  in  Ancatna  infiiscata  are  incorporated  here.  It  seems  possible  that  Anccena 
limbata,  the  larva  of  which  d'Qrchymont,  1913,  describea,  may  really  belong  to  the  genus  Paracymus, 
as  its  characters  more  closely  /esemble  the  latter  genus. 

'D'Orchymont  says  in  his  key  that  the  tarsus  of  Hydrophilus  is  toothed  on  the  inner  side,  but  only 
the  two  inner  setfe  are  found  in  //.  obiumtus. 

'The  specimens  at  hand  do  not  show  the  ligula  formed  as  described  here,  but  more  larvae  will  have 
to  be  examined  before  Schiodte's  figure  is  d'.sfredited. 
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Head  quadrangular;  antennal  appendage  about  the  length  of  the  third  segment; 
mandibles  symmetrical,  each  with  two  inner  teeth;  stipes  swollen,  not  broad- 
ened or  depressed  externally;  ligula  about  as  long  as  the  first  palpal  segment 
and  not  pointed;  median  line  not  impressed  and  pit  absent;  legs  reduced  but 
complete;  each  abdominal  segment  with  a  ventral  sucker 21. 

20.  Head  subspherical;  ocular  ares  aggregated  but  more  distant  from  each  other; 

mandibles  without  inner  teeth,  furrowed  on  the  inner  side;  mentum  cordi- 
form;    tarsi  absent;    procercus  and  appendage  of  seventh  intersegmental 

membrane  fleshy  and  long Sphceridium. 

Head  ovate;  ocular  areas  closely  aggregated  and  sometimes  appearing  as  one; 
right  mandible  with  a  single  inner  tooth;  mentum  short,  transverse;  legs 
absent;  procercus  and  appendage  of  the  seventh  intersegmental  membrane 
reduced  and  barely  indicated Cercyon. 

21.  Cl)rpeu8  tridentate PhcBnonotum. 

Clypeus  unidentate Caelostoma. 

Key  for  the  Identification  of  the  Pvvm 

1.  Metathoracic  wing-cases  visible  from  above 2. 

Metathoracic  wing-cases  not  visible 9. 

2.  Motary  styli  of  abdominal  tergites  in  transverse  rows  of  six  each;   abdominal 

tergites  with  small  lateral  tubercles;  spiracles  not  hidden;  abdominal  pleu- 

rites  confused  with  the  tergites 7. 

Motary  styli  of  abdominal  tergites  in  transverse  rows  of  four  each;  abdominal 
tergites  with  large  lateral  tubercles;  spiracles  not  hidden  but  partly  concealed 
by  the  lateral  tubercles  of  the  tergites;  abdominal  pleurites  well  defined ...  3. 

3.  Supraorbital  styli  less  than  two  in  number;  metastemal  spine  and  inner  spur  of 

metatibia  prominent;    eighth  abdominal  tergite  with  two  small,  rounded 

tubercles,  each  bearing  a  terminal  stylus  at  the  posterior  margin 6. 

Supraorbital  styli  two  in  number;  no  metastemal  spine;  inner  spur  of  meta- 
tibia not  prominent;  eighth  abdominal  tergite  without  tubercles  as  above.  .4. 

4.  Pronotal  styli  16  in  nimiber,  all  situated  near  the  margins;   cerci  short. 

Helophorus. 

Pronotal  styli  24-26  in  number,  all  of  them  not  situated  near  the  margins; 

cerci  long *. 5. 

5.  Pronotal  styli  26  in  number,  long  and  slender;  abdominal  styli  varying  in  size, 

the  lateral  tergal  styli  very  long  and  slender,  the  pleural  styli  very  short  and 
conical;  eighth  abdominal  terete  without  appendages  resembling  cerci; 
extemo-caudal  angles  of  ninth  segment  not  acute;  cerci  long,  very  crooked 
and  miiltiannulate  distally Berosus. 

Pronotal  styli  24  in  number;  abdominal  styli  subequal;  eighth  abdominal 
tergite  with  a  pair  of  appendages  resembling  cerci;  extemo-caudal  angles  of 
ninth  segment  prominent  and  acute;  cerci  long,  only  slightly  rcooked  and 
apparently  not  annulate iMccohius. 
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6.  Larger  in  size,  more  than  25  mm.  long;  one  supraorbital  stylus;  only  16  well- 

developed  pronotal  styli  but  several  Dther  inconspicuous  ones;  cerci*  nearly 

3.5  nam.  long,  superficially  annulate,  and  not  bifid  (?) Hydrous. 

Smaller  in  size,  less  than  12  nam.  long;  no  supraorbital  styli;  22  well-developed 
pronotal  styli;  cerci  about  1.45  mm.  long,  superficially  annulate,  slightly 
bifid  and  acute Tropistemus. 

7.  Larger  in  size,  more  than  13  mm.  long;  pronotal  styli  niunerous,  32  in  number; 

eighth  abdominal  tergite  with  two,  small,  rounded  tubercles,  each  bearing  a 

short  terminal  stylus;  cerci  slightly  bifid  and  acuminate Hydrophilus. 

Smaller  in  size,  less  than  8  mm.  long;  pronotal  styli  fewer,  24  in  number; 
eighth  abdominal  tergite  without  the  tubercles  mentioned  above  but  with  a 
pair  of  styli;  cerci  not  bifid,  acuminate  or  thread-like  distally 8 . 

8.  Smaller  in  size,  less  than  3  mm.;  styli  are  short  with  long  terminal  setae;  the 

styU  at  the  anterior  margin  of  the  pronotum  10  in  number,  four  in  the  middle 

and  three  towards  each  side Paracymus, 

Larger  in  size,  more  than  3  mm.;  styli  not  noticeably  short  nor  the  terminal 
seta  long,  about  equal  to  each  other;  the  styli  at  the  anterior  margin  of  the 
pronotum  6  in  number,  two  in  the  middle  and  two  towards  each  side;  the 
two  end  styU  on  each  side,  which  were  present  in  the  above,  have  moved  to 
a  distinct  lateral  position Cymhiodyta;    Philydrus;   Helochares} 

9.  Abdominal  pleurites  often  confused  with  the  tergites;    cerci  long,  slender, 

acuminate,  multiannulate Cercyon, 

Abdominal  pleurites  distinct;  cerci  short,  conical,  two-segmented.  .SphoBridium. 
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^Tbe  cerci  are  broken  off  in  the  specimen  at  hand.  They  are  probably  not  bifid,  as  Matheson, 
1914,  does  not  mention  it  in  H.  triangidaris. 

There  appear  to  be  no  distinct  characters  for  the  separation  of  these  three  genera.  The  arrange- 
ment of  the  pronotal  setee  differ  slightly  but  cannot  be  incorporated  into  the  key.  Examination  of  the 
metathoracic  tarsus  shows,  however,  the  four-segmented  condition  in  Cymhiodyta  and  the  five-seg- 
mented in  Philydrus  and  Helochares. 


Digitized  by 


Google 


1920]  Richmond,  Studies  on  the  Biology  of  the  Aquatic  Hydrophilidce  89 

BoviNO,  Adam  Giede.  1914.  Notes  on  the  larva  of  Hydroscapha  and  some  other 
aquatic  larvae  from  Aruona.  Proc.  Ent.  Soc.  Washington,  XVI,  pp.  169- 
174,  Pis.  xvn-xviii. 
1914a.  On  the  abdominal  structure  of  certain  beetle  larvse  of  the  campodei- 
form  type.  A  study  of  the  relation  between  the  structiu-e  of  the  integument 
and  muscles.    Proc.  Ent.  Soc.  Wash.,  XVI,  pp.  55-63,  Pis.  iii-iv. 

BowDiTCH,  F.  C.     1884.    Hydrocharis  obtuscUus.    Joum.  Boston  Zool.  Soc,  III, 
pp.  1-6. 

Brocher,    Frank,    1911.    Berosus    cericeps.    Egg,    early    stages.    Observations 
biologiques  siu*  quelques  insectes  aquatiques.    Ann.  Biol,  lacustre,  Bruxelles, 

IV,  pp.  367-379. 

1912.  Recherches  sur  la  respiration  des  insectes  aquatiques  adultes.  L'Hydro-' 
phile.    £)tude  physiologique  et  anatomique.    Ann.  Biol,  lacustre,  Bruxelles, 

V,  pp.  1-39,  Figs.  1-22. 

1912.  Recherches  sur  la  respiration  des  insectes  aquatiques.  Hydrophile, 
etc.  Soc.  Entomol.,  Stuttgart,  Jahrg.  XXVII  (No.  21),  pp.  91-93;  Jahrg. 
XXVII  (No.  22),  p.  102. 

1913.  L'Appareil  stridulatoire  de  ^^ Hydrophilus  picetts"  et  celui  du  ^'Beroaus 
(xriceps.'*   Ann.  Biol,  lacustre,  Bruxelles,  V,  pp.  215-217. 

BuHK,F.  1910.  LebenweiseimdEntwicklungvon5pcrcAeM<jemar^nali«.  Entomol. 
Rundschau,  Stuttgart,  XXVII,  pp.  127-128,  134-136. 

Calwer,  C.  G.  1883.  Kaferbuch,  Naturgeschichte  der  K&fer  Europas,  pp.  81-90, 
Taf.  IX,  figs.  1-4;  Taf.  viii,  figs.  24-30. 

CoMSTOCK,  John  Henry.  1907.  Family  Hydrophilidse.  Manual  for  the  Study  of 
Insects,  pp.  527-529. 

CussAc,  Emile.     1852.     Moeure  et  Metamorphoses  du  Spercheus  emarginatus  et  de 
VHelochares  lividus.    Ann.  Soc.  Ent.  France,  X,  pp.  617-625,  Figs.  8-26, 
PL  xni. 
1855.    Mceurs  de  VHydrobiua  fvsdpes  Linn^.    Ann.  Soc.  Ent.  France,  (3)  III, 
pp.  246-247;  PI.  xra.  No.  1. 

Deeoneb,  p.  1913.  Respirations  Organe.  Handbuch  der  Entomologie.  Jena. 
Band  I  (Kapitel  5),  p.  363,  Fig.  262. 

Donisthorpe,  H.  1900.  Notes  on  the  copulation  of  HydrophUus  piceua.  Ent. 
Rec.,  XII,  p.  291. 

DuGis,  EnotNE.  1884.  Metamorphoses  du  Tropistemua  kUeralis  Fab.  Ann.  Soc. 
Ent.  Belg.,  XXVIII,  pp.  7-12;  PI.  i,  part  2. 

Erichson,  W.  F.  1841.  Hydrous  larva.  Archiv  ftir  Naturg.,  VII  Jahrg.  (1  Bd.), 
pp.  108-110. 

Fall,  H.  C.  1901.  List  of  the  Coleoptera  of  Southern  California  with  notes  on 
habits  and  distribution  and  descriptions  of  new  species.  Occasional  papers 
of  the  Cal.  Acad.  Sci.,  VIII,  pp.  12,  16,  5&-58,  81,  213-218. 

FoLSOM,  J.  W.  1909.  Adaptations  of  aquatic  insects.  Entomology  with  reference 
to  its  biological  and  economic  aspect,  pp.  184-192. 


Digitized  by 


Google 


90  Bulletin  American  Museum  of  Natural  History  [Vol.  XLII 

Fricken,  W.  von.  1887.  Entwicklung,  Atmung  und  Lebensweise  der  Gattung 
Hydrophilus.  Tageblatt  der  XL  Versammlung  deutscher  Naturforscher 
und  Xrzte.    Wiesbaden,  pp.  114-115. 

Frisch,  Johann  Leonard.  1721.  Beschreibg.  von  allerley  Ins.  in  Deutschl.,  VI, 
pp.  26-32,  Tab.  vi,  figs.  1-6. 

Ganglbauer,  Ludwig.     1899.     Hydroscaphida.     Kafer  von  Mitteleuropa.     Ill, 
pp.  332-335. 
1904.     Hydrophilidae  of  Europe.     Die  Kafer  von  Mitteleuropa,  VIII,  pp.  141- 
286. 

Garman,  H.     1881.    Hydrophilus  triangularis  Say.     Ann.  Nat.  Hist.,  XV,  p.  66. 

Haliday,  a.  H.     1855.    Ochthebius  punctcUus.    Natural  Hist.  Review,  Proceed. 
London,  II,  p.  116,  PI.  iii,  fig.  3. 
1856.     Ochthebius  pundatus.      Natural  Hist.  Review,  Proceed.  London,  III, 
p.  20. 

Hart,  C.  A.  1895.  On  the  Entomology  of  the  Illinois  River  and  Adjacent  Waters. 
lU.  State  Lab.  of  Nat.  Hist.,  IV,  pp.  149-270,  PI.  xv. 

Haupt,  H.     1907.     Was  mich  eine  Hydrophilus  (Hydrous)  Larve  lehrte.     Wochen- 
schrift  Aquarienkunde,  Braunschweig,  IV,  pp.  326-328. 
1909.     Biologie   de   Larve   Hydrous   (Hydrophilus).     In    Zs.    Natw.   Leipzig, 
LXXXI,  pp.  301-304. 

Henneguy,  L.     1904.     Hydrophili-types  of  development.    Les  insectes,  pp.  320-322. 

Henshaw,  Samuel,  1885.  List  of  the  Coleoptera  of  America,  north  of  Mexico. 
Amer.  Ent.  Soc,  pp.  23-25. 

Hentschel,  Ernest.  1909.  Das  Leben  des  Susswasser.  Hydrophilides,  p.  291; 
Hydrophilus,  pp.  53,  192,  197,  235;  Hydrous,  p.  236. 

Hopkins,  A.  D.  1911.  Contribution  toward  a  Monograph  of  the  Scolytid  Beetles. 
I.    Genus  Dendroctonus.    Tech.  Series,  No.  17,  part  1,  p.  164,  fig.  95;  Pis. 

III-VIII. 

Horn,  George  W.     1876.     Synoptic  tables  of  some  genera  of  Coleoptera.    Trans. 

Amer.  Entom.  Soc,  V,  pp.  251-252. 
1890.     Notes  on  the  species  of  Ochthebius  of  boreal  America.     Trans.  Amer. 

Ent.  Soc,  XVII,  pp.  17-26,  PI.  ii. 
1890a.     Notes  on  some  Hydrobiini  of  boreal  America.      Idem,  pp.  237-278, 

279-314. 

KiRBY,  W.  F.  1892.  Palpicornia.  Text  book  of  Entomology,  pp.  23-24,  Figs. 
9-13. 

Lacordaire,  Th.  1854.  Histoire  Naturelle  des  Insectes,  Genera  des  Coldopt^res, 
I,  pp.  443-475. 

Laker,  Abbott  G.  1881.  The  cocoons  of  Hydrophilus  piceus  and  Hydrobius  fusr 
cipes.    Newman's  Entomologist,  XIV,  pp.  82-84. 


Digitized  by 


Google 


1920]  Richmond^  Studies  on  the  Biology  of  the  Aquatic  Hydrophilida  91 

Lameere,  August.     1899.     Les  Metamorphoses  des  insectes.     Ann.   Soc.   Ent. 

Belg.,  XLIII,  pp.  61^-^36. 
1900.    Notes  pour  la  classification  des  Col6opt^res.  Ann.  Soc.  Ent.  Belg.,  XLIV, 

pp.  365-366. 
1903.    Nouvelles  notes  pour  la  classification  des  Col^opt^res.    Ann.  Soc.  Ent. 

Belg.,  XLVII,  pp.  155-165. 

Lampert,  Kurt.     1910.    Das  Leben  der  Binnengewasser,  pp.  126-129,  Figs.  43-44. 

LeConte,  John  L.  and  Henshaw,  Samuel.  1861.  Classification  of  the  Coleop- 
tera  of  North  America.  Smithsonian  Miscellaneous  Collection,  part  I, 
pp.  43-47. 

LeConte,  John  L.,  and  Horn,  George  H.  1883.  Coleoptera  of  North  America. 
Hydrophilidae,  pp.  69-73. 

Lefroy,  H.  Maxwell.     1909.    Indian  insect  life,  Pusa,  pp.  283-286. 

Letzmer,  K.  1853.  Denkschr.  zur  Feier  ihres  50-jahr.  Bestandes,  herausgegeb. 
von  der  Schles.  Ges.  ftir  vaterl.  Kultur,  Breslau,  II,  pp.  212-213,  Figs. 
31-33. 

Lyonet,  Pierre.  1832.  Recherches  sur  Tanatomie  et  les  metamorphoses  de  diflf^r- 
entes  esp^ces  d'insectes,  pp.  129-151,  PI.  xiii  (Figs.  47-50). 

MacGiluvray,  a.  D.  19 — .  Key  to  famihes  of  coleopterous  larvae.  New  York 
State  Mus.  BuU.,  LXVIII  (Ent.  18),  pp.  289-294. 

Mathan  (de)  M.  1865.  Note  sur  VOchlhebius  Ujolisi  Muls.  et  Rey,  avec  notes 
rectificatives  de  M.  A.  Fauvel.  Ann.  Soc.  Ent.  France,  (4)  V,  pp.  199- 
202,  Figs  1-5. 

Megusar,  Franz.  1906.  Einfloss  abnormaler  Gravitationswirkung  auf  die 
Embryonalent«vicklung  bei  Hydrous  aterrimus  Eschscholtz.  Archiv  fiir 
Entwicklungsmechanik,  Leipzig,  XXII.  pp.  141-148,  Figs.  1-3. 

1907.  Die  Regeneration  der  Koleopteren.  Archiv  fiir  Entwicklungsmechanik, 
XXV,  pp.  148-218,  PL  vir. 

1909.  Lebensgeschichte,  Hydrophilidse.  Verb.  2^1.  Bot.  Ges.  Wien,  LIX,  pp. 
278-287. 

Meixert,  Frederick.  1897.  Ombygningen  hos  Insekteme.  (On  the  mouth-parts 
of  insects.)  Oversigt  over  det.  Kgl.  Danske  Videnskabernes  Selskabs 
Forhandlinger.  Nr.  Ill,  pp  299-324,  Figs.  1-14. 

MiALL,  L.  C.  1895.  Aquatic  beetles.  The  natural  history  of  aquatic  insects,  pp. 
61-93. 

MiQER,  Felix.  1809.  M^moire  sur  les  larves  d'insectes  Col^optdres  aquatiques, 
ler  Mto.  sur  le  grand  Hydrophile.  Ann.  du  Mus.  d'Hist.  Nat.,  XIV,  pp. 
441-459;   PI.  xxviii.  Figs.  1-9. 

Mjoberg,  Eric.  1906.  Cercyon  littoralisy  early  stages.  Zs.  wiss.  Insektenbiol., 
Husura,  p.  138. 

McLSANT,  Etienne.  1844.  Histoire  naturelle  de?  Col^ptdres  Palpicornes.  pp. 
1-196,  Figs.  1-21. 


Digitized  by 


Google 


92  BuUetin  American  Museum  of  Natural  History  [Vol.  XLII 

MuLBANT,  Etienne  AND  Rey,  Cl.     1861.    O.  lejolisi.     M6m.  soc.  imp.  sc.  nat., 
Cherbourg,  VIII,  pp.  184-186,  Fig.  2. 

D'Oechymont,  a.     1913.     Contribution  a  I'^tude  des  larves  Hydrophilides.    Ann. 
de  Biol.  Lacustre,  VI,  pp.  173-214,  Pis.  i-xxin. 

Packard,  A.  S.     1872.    Guide  to  the  Study  of  Insects,  pp.  437-438. 

Paganetti-Hummler,  G.     1899.     Coleopterologische  Liebesszenen  der  Ochthebien. 
Zeitschr.  f.  Ent.,  IV,  p.  107. 

Perris,    Edouard.     1876.    Nouvelles  promenades  entomologiques.      Helophorus 
rugosus.    Ann.  Soc.  Ent.  France,  (5)  VI,  pp.  183-185. 

Peyerimhopp,  p.  de.     1900.    Sur  Tapplication  de  la  loi  phylog6nique  de  Brauer. 
Bull   Soc.  Ent.  France,  LXIX,  pp.  219-^223. 
1900.     Sur  le  valeur  phylog^nique  et  le  nombre  primitit  des  tubes  de  Malpighi 
chez  les  Col^pt^es.    Bull.  Soc.  Ent.  France,  LXIX,  pp.  295-298. 

Planet,   Louis.     1891.    Hydrophilus  piceus.     Metamorphoses.     Le  Naturaliste, 
Paris,  (2)  XIII,  pp.  259-260. 

PoRTiER,  P.     1911.    Recherches  physiologique  sur  les  insectes  aquatiques.    Archiv 
de  Zoologie  exp^rimentale  et  g^n^rale,  (5)  VIII,  p.  89. 

PoujADE,  G.  A.     1901.     Sur  V Hydrophilus  piceus  Linn.    Bull.  Soc.  Ent.    France, 
LXX,  pp.  22^-230. 
1902.     Hydrophilus  habits.    Idem,  pp.  206,  219,  238. 

Reitter,  Edmund.     1909.    Hydrophilidae,  Susswasserfauna  Deutschlands,  pp.  51- 
80. 

Renqel,  C.  1901.  Zur  Biologic  des  Hydrophilus  piceus.  Biol.  Centralblatt., 
XXI,  pp.  173-182,  209-220. 

Ret,  Cl.  1887.  Ochthebius  (Calobius)  quadricoUis  Muls.  Essai  d'^tudes  sur  cer- 
taines  larves  de  Col6opt^res.    Ann.  soc.  linn.,  Lyon,  (2)  XXXIII,  p.  141. 

Riley,  C.  V.  1881.  Notes  on  Hydrophilus  triartgularis  Say.  Amer.  Nat.,  XV,  p. 
814. 

RuPERTBERGER,  Mathias.     1880.     Biologic  der  Kafer  Europas,  pp.  112-115. 

1894.  Die  biologische  Literatur  tiber  die  Kafer  Europas  von  1880  an  mit 
Nachtragen  aus  frtiherer  Zeit  und  einen  Larven-Cataloge,  pp.  113-115, 
279. 

Rye,  Edward  C.  1866.  The  Necrophaga  or  Clavicomes,  pp.  107-109,  PL  vn, 
figs.  4-5. 

Saunders,  Wiluam.  1879.  Hydrophilus  triangularis:  habits  and  transformations 
popularly  noticed.    Can.  Ent.,  XI,  p.  223,  Fig.  14. 

ScHioDTE,  J.  C.  1861-1862.  De  Metamorphosi  eleutheratorum  Observationes : 
Bidrag  til  insektemes  udviklings-historie,  Part  I,  pp.  4-11,  17-31,  Tab. 
iii-vii;  Part  VI,  pp.  174,  211-221,  225-226,  Tab.  ix. 

ScHUCK,  William.  1887.  Rearing  conditions  with  Spercheus  emarginaius,  Ent. 
Meddeldser,  I,  pp.  26-27. 


Digitized  by 


Google 


1920]  Richmond ^  Studies  on  the  Biology  of  the  Aquatic  HydrophUidce  93 

ScHWARZ,  E.  A.  1914.  Aquatic  beetles,  especially  Hydroscapha  in  Hot  Springs, 
in  Ariaona.    Proc.  Ent.  Soc.  Wash.,  XVI,  pp.  163-168. 

Scott,  Hugh.  1913.  Coleoptera,  Hydrophilidae.  Trans.  Linn.  Soc.  London,  XVI, 
(part  2,  No.  X),  pp.  193-222,  PI.  xiv  (Fig.  22). 

Sharp,  D.     1895.    On  three  new  species  of  Hydrophilidse.    Ent.  Month.  Mag.,  XI, 

pp.  247-250. 
1887.     Hydrophilidffi.    Biol.  Centr.  Amer.,  1882-1887,  I,  part  2,  pp.  53-116, 

Pis.  ii-in. 
1899.    Hydrophilidae.   Cam.  Nat.  Hist.,  London,  V,  pp.  216-219. 

Steik,  Frederick.  1847.  Die  weibliche  Geschlechtsorgane  der  Kafer,  Berlin,  IV, 
pp.  33-34,  III,  d.h. 

Voss,  Frederick,  1905.  tTber  den  Thorax  von  Gryllua  damesticus,  Zeit.  ftir  wissen- 
schaft.,  LXXVIII,  pp.  290-293. 

Ward,  John  J.  1914.  Some  new  discoveries  in  natural  history.  A  tool  using  insect. 
Strand  Mag.,  XLVIII,  pp.  523-525,  Figs.  1-5. 

Wesenberg-Lxind,  Carl.  1915.  Vandkaercr  (Hydrophilidse).  Insekstlivet  i 
ferske  vande.,  pp.  270-299,  Figs.  223-244. 

WiCKHAM,  F.  H.     1893.     Tropi8temu8  glaber,  metamorphosis.     Bull.  Lab.  Nat. 
Hist.,  Iowa,  II,  pp.  228-341,  PI.  rx,  figs.  13-15. 
1895.    On  the  larvae  and  pupae  of  Hydrocharis  obtuaatus  Say.    Ent.  News,  VI, 
pp.  168-170,  PI.  VI,  fig.  1  (6). 

Wintebsteiner,  Fred.  1913.  Environment  of  Hydrophilidse.  Joum.  New  York 
Ent.  Soc.,  XXI,  pp.  54-55. 

Zaitzev,  Ph.  A.  1908.  Catalogue  of  Hydrophilidae.  Horse  Soc.  Ent.  Ross.,  XXX- 
VIII,  pp.  324-418. 

Zambeu,  Captain.  1894.  Moeurs  et  metamorphoses  d*insectes.  Hydrophilides. 
5th-6th  Mto.  Ann.  Soc.  Linn,  de  Lyon,  (n.  ser.)  XLI,  pp.  132-135; 
XLII,  pp.  25-42. 


Digitized  by 


Google 


94  Bulletin  American  Museum  of  Natural  History  |  Vol.  XLI I 


Plate  I 

Fig.  1.  Labium,  ventral  view.    Hydrophilua  obtusaius  larva. 

Fig.  2.  Head  without  appendages,  dorsal  view. 

Fig.  3.  Egg-case.     Hydrobius  fuscipes. 

Fig.  4.  Mandible  of  primitive  larva  of  Ochthebius  t>Tx». 

Fig.  5.  Maxilla  of  specialized  type  of  Hydrophilid  larva. 

Fig.  6.  Caudal  view  of  open  stigmatic  atrium.    Hydrophilus  obtusaiu8. 

Fig.  7.  Side  view  of  last  three  segment  of  larva.    Hydrous  triangularis. 

Fig.  8.  Side  view  of  caudal  end  of  larva  with  anus  protruded.  Hydrobius 
fuscipes. 

Fig.  9.  Dorsal  view  of  closed  stigmatic  atrium  of  larva.    Philydrus  ndndosus. 

Explanation  of  Lettering  on  Plate  I.  Numbers  Refer  to  the  Abdominal  Seg- 
ments. 

a,  anus;  ofr,  abductor  muscle;  ac,  acroeerous;  ad,  adductor  muscle;  at,  antennal  insertion;  ap, 
anterior  piece  of  mandible;  c,  condyle;  ca,  cardo;  rp,  cap  of  egg-case;  e,  lateral  expansion  of  epistoraa: 
«P.  egg-case  proper:  e.«,  epicranial  suture;  /,  frons;  fas,  frontal  antennal  suture:  fe.s.  fronto-epistomal 
suture;  fl,  filament  of  egg-caee;  o,  gula;  (.  ligula;  lb.pl,  labial  palpus;  l.d,  labro-clypeus;  u,  lateral 
lobe;  Im,  lacinia  mobilis;  m,  mentum;  ma^  molar  area;  mc,  mesocercus  (true  cercus);  ml,  median 
lobe;  mx.pl,  maxillary  palpus:  on,  ocular  area;  oc,  occipital  opening;  pc,  procercus  or  procerss  of  eighth 
pleurite;  plf,  palpifer;  pl/J,  lobe  of  palpifer;  plo,  palpiger;  pp,  posterior  piece  of  mandible;  sc,  sense- 
cones;  «m,  submentum;  «f,  stipes,  f,  trochantin ;  (r,  trachea. 
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Plate  II 
Hdophorus  Uicusiris  LeConte 

Left  mandible,  first  stage  larva. 

Right  antenna,  first  stage  larva. 

Right  mandible,  first  stage  larva. 

Right  maxilla,  first  stage  larva. 

Head,  dorsal  view  of  the  anterior  part,  first  stage  larva. 

Right  mesothoracic  leg,  first  stage  larva. 

Larva,  dorsal  view,  first  stage. 

Labium,  dorsal  view,  first  stage  larva. 
Fig.  10.    Egg-case. 

Hdopharus  sp.  ? 
Fig.    8.    Egg-case. 


Fig. 

1. 

Fig. 

2. 

Fig. 

3. 

Fig. 

4. 

Fig. 

5. 

Fig. 

6. 

Fig. 

7. 

Fig. 

9. 

Digitized  by 


Google 


BfJiXBTDi  A.  M.  N.  H. 


Vol.  XLIl.  Platb  II 


Digitized  by 


Google 


Plate  III 

Ochthebius  tuberculaiua  LeConte 

Fig.    1.  Labium,  ventral  view,  first  stage  larva. 

Fig.    2.  Labrum  and  clypeua,  dorsal  view,  first  stage  larva. 

Fig.    3.  Labium,  dorsal  view,  first  stage  larva. 

Fig.    4.  Tip  of  right  mandible,  ventral  view,  first  stage  larva. 

Fig.    5.  Tip  of  left  mandible,  ventral  view,  first  stage  larva. 

Fig.    6  Right  maxilla,  first  stage  larva 

Fig.    7.  Right  mesothoracic  leg,  first  stage  larva. 

Fig.    8.  Right  mandible,  first  stage  larva. 

Fig.    9.  Caudal  end  of  the  anal  segment,  side  view,  first  stage  larva. 

Fig.  10  Egg  with  loose  covering  of  silk. 

Fig.  11.  Right  antenna,  first  stage  larva. 

Fig.  12.  Larva,  dorsal  view,  first  stage. 


Digitized  by 


Google 


BuLLmx  A.  M.  N.  H. 


Vol.  XLII.  Plate  III 


Digitized  by 


Google 


Fig. 

1. 

Pig. 

2. 

Fig. 

3. 

Fig. 

4. 

Fig. 

5. 

Fig. 

6. 

Fig. 

7. 

Fig. 

8. 

Fig. 

9. 

Fig. 

10. 

Fig. 

11. 

Plate  IV 

Hydrwna  pennsybanica  Kiesenwetter 

Labium,  ventral  view,  first  stage  larva. 

Right  antenna,  first  stage  larva. 

Labium,  dorsal  view,  first  stage  larva. 

Labrum  and  clypeus,  dorsal  view,  first  stage  larva. 

Tip  of  right  mandible,  ventral  view,  first  stage  larva. 

Tip  of  left  mandible,  ventral  view,  first  stage  larva. 

Right  mesothoracic  leg,  first  stage  larva. 

Right  mandible,  first  stage  larva. 

Egg-case,  showing  the  single  egg  within. 

Right  maxilla,  first  stage  larva. 

First  stage  larva,  dorsal  view. 
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Plate  V 
Hydrochous  aquamifer  LeConte 

Fig.  1.  Left  mandible,  first  stage  larva. 

Fig.  2.  Ventral  side  of  head  with  mouth-parts  removed  except  labium.    First 
stage  larva. 

Fig.  3.  Right  mandible,  first  stage  larva. 

Fig.  4.  Right  maxilla,  first  stage  larva. 

Fig.  5.  Anterior  region  of  head,  dorsal  view,  first  stage  larva. 

Fig.  6.  Right  antenna,  first  stage  larva. 

Fig.  7.  First  stage  larva,  dorsal  view. 

•        Fig.  8.  Right  mesothoracic  leg,  first  stage  larva. 

Fig.  9.  Egg-case,  enclosing  the  single  egg. 
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Plate  VI 

HydrophUus  obtusains  Say 

Right  mesothoracic  leg,  first  stage  larva. 
Left  mandible,  first  stage  larva. 
Right  mandible,  first  stage  larva. 
Egg-case  with  leaf  wrapped  about  it. 
Right  maxilla,  first  stage  larva. 
Labium,  dorsal  view,  first  stage  larva. 
Anterior  region  of  head,  dorsal  view,  first  stage  larva. 
Full-grown  larva,  dorsal  view. 
Right  antenna,  first  stage  larva. 
Fig.  10.     Egg  case  enlarged  and  without  leaf. 
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Plate  VII 

Tropistemus  glaber  Herbst 

Fig.  1.  Left  mandible,  first  stage  larva. 

Fig.  2.  Right  mandible,  first  stage  larva. 

Fig.  3.  Right  maxilla,  first  stage  larva. 

Fig.  4.  Right  mesothoracic  leg,  first  stage  larva. 

Fig.  5.  Right  antenna,  first  stage  larva. 

Fig.  6.  Anterior  region  of  head,  first  stage  larva. 

Fig.  7.  Egg-case,  side  view. 

Fig.  8.  Labium,  dorsal  view,  first  stage  larva. 

Fig.  9.  Full-grown  larva,  dorsal  view. 
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Plate  VIII 

Hydrous  triangularis  Say 

Full-grown  larva,  dorsal  view. 
Left  mandible,  first  stage  larva. 
Right  mandible,  first  stage  larva. 
Right  maxilla,  first  stage  larva. 
Right  mesothoracic  leg,  first  stage  larva. 
Right  antenna,  first  stage  larva. 

Head  without  appendages,  dorsal  view,  first  stage  larva. 
Motory  stylus  of  pupa. 
Egg-case. 
Fig.  10.     Labium,  dorsal  view,  first  stage  larva. 
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Plate  IX 

Laccobius  agilis  Randall 

Fig.    1.  Left  mandible,  first  stage  larva. 

Fig.    2.  Extremity  of  pupa,  first  stage  larva. 

Fig.    3.  Right  mandible,  first  stage  larva. 

Fig.    4.  Right  antenna,  first  stage  lavra. 

Fig.    5.  Right  mesothoracic  leg,  first  stage  larva. 

Fig.    6.  Full-grown  larva. 

Fig.    7.  Right  maxilla,  first  stage  larva. 

Fig.    8.  Anterior  region  of  the  head  from  above,  first  stage  larva. 

Fig.    9.  Egg-oase.     Brown  variety. 

Fig.  10.  Labium,  dorsal  view,  first  stage  larva. 

Fig.  U.  Egg-case,  showing  exit  hole  of  larvae.     Silver  or  light  gray  variety. 
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Plate  X 

Bero8U8  peregrinits  Herbst 

Left  mandible,  first  stage  larva. 

Right  mandible,  first  stage  larva. 

Right  maxilla,  first  stage  larva. 

Right  mesothoracic  leg,  first  stage  larva. 

Pleural  lobe  of  thorax,  first  stage  larva. 

Right  antenna,  first  stage  larva. 

Anterior  part  of  head,  dorsal  view,  first  stage  larva. 

Full-grown  larva,  dorsal  view. 

Labium,  dorsal  view,  first  stage  larva. 

Egg-case,  side  view. 

Egg-oase,  front  view. 
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Plate  XI 

Hydrobius  globoaus  Say 

Fig.  1.  Left  mandible,  first  stage  larva. 

Fig.  2.  Labium,  dorsal  view,  first  stage  larva. 

Fig.  3.  Right  mandible,  first  stage  larva. 

Fig.  4.  Right  mesothoracic  leg,  first  stage  larva. 

Fig.  5.  Right  maxilla,  first  stage  larva. 

Fig.  6.  Anterior  region  of  head,  dorsal  view,  first  stage  larva. 

Fig.  7.  Right  antenna;  first  stage  larva. 

Fig.  8.  Egg-case. 

Fig.  9.  Full-grown  larva,  dorsal  view. 
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Plate  XII 

Cymbiodyta  fimbriata  Melsheimer 

Fig.  1.  Left  mandible,  first  stage  larva. 

Fig.  2.  Labium,  dorsal  view,  first  stage  larva. 

Fig.  3.  Right  mandible,  first  stage  larva. 

Fig.  4.  Anterior  region  of  head,  dorsal  view,  first  stage  larva. 

Fig.  5.  Right  antenna,  first  stage  larva. 

Fig.  6.  Right  mesothoracic  leg,  first  stage  larva. 

Fig.  7.  Full-grown  larva,  dorsal  view. 

Fig.  8.  Pupa,  ventral  view  of  caudal  end. 

Fig.  0.  Right  maxilla,  first  stage  larva. 
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Plate  XIII 

Helocharea  maculicoUis  Mulsant 

Fig.  1.  Full-grown  larva,  dorsal  view. 

Fig.  2.  Left  mandible,  first  stage  larva. 

Fig.  3.  Right  mandible,  first  stage  larva. 

Fig.  4.  Right  antenna,  first  stAge  larva. 

Fig.  5.  Anterior  region  of  head,  dorsal  view,  first  stage  larva. 

Fig.  6.  Right  mesothoracic  leg,  first  stage  larva. 

Fig.  7.  Right  maxilla,  first  stage  larva. 

Fig.  8.  Labium,  dorsal  view,  first  stage  larva. 

Fig.  9.  Egg-case,  ventral  view. 
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Plate  XIV 
PhUydrus  perplexus  LeConte 

Left  mandible,  first  stage  larva. 

Labium,  dorsal  view,  first  stage  larva. 

Right  mandible,  first  stage  larva. 

Labium,  ventral  view,  first  stage  larva. 

Right  mesothoracic  leg,  first  stage  larva. 

Right  maxilla,  first  stage  larva. 

Right  antenna,  first  stage  larva. 

Anterior  region  of  head,  dorsal  view,  first  stage  larva. 

Full-grown  larva,  dorsal  view. 
Fig.  10.    Egg-case. 

Philydrus  ochraceus 
Fig.  11.    Egg-case. 
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Plate  XV 

AnccBna  inSuscata  Motschulsky 

Fig.  1.  Left  mandible  of  first  stage  larva. 

Fig.  2.  Labium,  dorsal  view,  first  stage  larva. 

Fig.  3.  Right  mandible,  first  stage  larva. 

Fig.  4.  Right  mesothoracic  leg,  first  stage  larva. 

Fig.  5.  Right  maxilla,  first  stage  larva. 

Fig.  6.  Anterior  margin  of  head,  dorsal  view,  first  stage  larva. 

Fig.  7.  Full-grown  larva,  dorsal  view. 

Fig.  8.  Right  antenna,  first  stage  larva. 

Fig.  9.  Egg-case. 
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Plate  XVI 

Paracymua  aubcupreus  Say 

Fig.  1.  Left  mandible,  first  stage  larva. 

Fig.  2.  Right  antenna,  first  stage  larva. 

Fig.  3.  Right  mandible,  first  stage  larva. 

Fig.  4.  Right  maxilla,  first  stage  larva. 

Fig.  5.  Anterior  region  of  head,  dorsal  view,  first  stage  larva. 

Fig.  6.  Right  mesothoracic  leg,  first  stage  larva. 

Fig.  7.  Full-grown  larva,  dorsal  view. 

Fig.  8.  Labium,  dorsal  view,  first  stage  larva. 
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Erratum  and  Addendum 

Page  182,  Fig.  143.  The  bone  marked  I  is  not  the  lacrymal,  but  the  inner  orbital 
wall  of  the  maxilla.  The  lacrymal  of  MancUuSy  as  sho¥m  by  Hartlaub/  is  a  variable 
and  often  vestigial  element,  forming  a  delicate  plate  on  the  anterior  border  of  the 
orbit  and  in  contact  with  frontal,  maxilla,  and  jugal. 

Page  180.  A  recently  prepared  specimen  of  MarUherium  andrewsi  (Amer.  Mus. 
No.  13432)  shows  certain  of  the  sutures  remarkably  well  and  confirms  the  determina- 
tion of  the  sutures  by  Dr.  Andrews,  so  far  as  shown  in  Fig.  142.  The  nasals  separated 
the  frontals  from  the  premaxillse  and  were  in  contact  with  the  maxillse.  The  lacrymal 
if  present  cannot  be  clearly  distinguished  from  the  maxilla,  which  appears  to  have 
formed  the  floor  and  anterior  part  of  the  orbit.  The  maxilla  bears  a  low  tubercle  for 
the  ligamentum  tarsale.  A  small  hole  in  the  maxilla  in  front  of  the  orbit  may  pos- 
sibly represent  the  naso-lacrymal  duct. 

11886,  Bmtrftge  BUT  KenntniaB  der  ManatuB  Arten.  Zool.  Jahrb.,  I,  pp.  1-112,  Pis.  i-rv.  (Die 
Thrftnenbeine,  pp.  81-86  and  PI.  iv.) 
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INTRODUCTION 
The  Lacrymal  Bone  in  Comparative  Anatomy  and  Palaeontology 

Cuvier,  in  the  -Histoire  naturelle  des  Poissons*  (by  Cuvier  and 
Valenciennes,  1828),  gives  a  brief  r&um6  (pp.  307-516)  of  early  work  on 
the  osteology  of  the  skull  of  fishes,  the  subject  from  which  the  lacrymal 
problem  later  arose.  He  states  that  before  1798  very  little  had  been 
written  concerning  the  bones  of  the  head  of  fishes.  In  his  *  Legons 
d' Anatomic'  (1798)  he  had  said  Uttle  about  the  composition  of  the  brain- 
case  but  had  dealt  more  in  detail  with  the  bones  of  the  face,  although 
•still  very  incompletely.  Recognizing  the  great  need  for  more  facts,  he 
had  gradually  assembled  an  extensive  osteological  collection,  which  had 
been  the  basis  for  his  own  subsequent  researches  as  well  as  for  those  of 
others. 

In  1807  Oken  put  forth  his  celebrated  theory  of  the  vertebral  nature 
of  the  skull,  which,  although  exceedingly  crude,  stimulated  a  vast  amount 
of  comparative  anatomical  research.  Perhaps  even  more  fruitful  was 
the  elder  Geoffroy's  idea  of  the  unity  of  type  in  the  animal  kingdom. 

Studies  by  Geoffroy  (1807)  and  by  Cuvier  (1812)  on  the  skull  of 
recent  and  fossil  crocodilians  furnished,  as  it  were,  an  intermediate  type 
between  man  on  the  one  hand  and  fish  on  the  other,  which  faciUtated  the 
comparison  of  the  two  extremes.  Cuvier's  system  of  names  for  the 
elements  of  the  skull  of  vertebrates  was  first  published  in  1812  and 
further  developed  in  1814  and  1817. 

In  1815  Spix  homologized  Cuvier's  **frontaux  arit^rieurs"  of 
fishes  with  the  lacrymal  of  man,  a  view  which  was  also  held  by  Geoffroy. 
Cuvier  (1828,  p.  314)  in  criticising  this  view  remarks:  '*Ces  os  (*fron- 
taux  ant^rieurs')  existent  dans  les  crocodiles,  dans  les  tortues,  etc.,  k 
c6t^  des  vrais  lacrymaux  caract4ris6s  pour  tels,  et  ne  peuvent  leur 
etre  substitufe.'* 

Thus  Cuvier  recognized  that  the  lacrymals  of  crocodiles  are  homol- 
ogous with  those  of  man.  But,  with  regard  to  the  '*  frontaux  ant^rieurs," 
it  is  now  known  that  these  elements  (prefrontals)  in  crocodiles,  turtles, 
etc.,  are  not  homologous  with  the  similarly  appearing  bones  in  fishes, 
since  the  true  prefrontals  are  derm  bones  while  the  "frontaux  ant^rieurs" 
of  fishes  are  underlying  endocranial  elements,  ossifications  of  the  lateral, 
or  **aliethmoid"  wings  of  the  nasal  capsules.  On  this  account  W.  K. 
Parker  (1872)  called  the  "frontaux  ant^rieurs"  of  fishes  "lateral 
ethmoids"  and  T.  J.  Parker  (1893)  named  them  "parethmoids." 
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In  1818  Carus  sought  to  identify  the  human  lacrymal  with  the 
first  suborbital  bone  of  fishes  (Cuvier's  "premier  sous-orbitaire'^. 
As  to  this  homology  Cuvier  says  (1828,  p.  337):  "le  premier  sous- 
orbitaire  ...  est  articul^  a  ime  facette  de  Tapophyse  inf^rieurs  exteme 
du  frontal  ant^rieur;  ce  qui  pourrait  le  faire  regarder  conmie  analogue 
de  lacrymal."  But  inunediately  below  in  a  footnote  he  says:  "C'est 
Tadorbital  ou  portion  orbitaire  du  maxillaire  de  M.  Geoffroy.  MM. 
Spix,  Bojanus,  Bakker  et  Meckel  le  rapportent,  ainsi  que  les  suivans,  au 
jugal.  Pour  M.  Cams,  c'est  le  lacrymal.  Ce  qui  me  fait  consid^rer  cet 
appareil  comme  different  de  ceux  des  autres  vert^br^s,  c'est  qu'il 
recouvre  les  muscles,  au  lieu  de  leur  donner  attachment."  Thus,  Cuvier, 
as  well  as  others  of  his  contemporaries,  apparently  recognized  more  or 
less  clearly  that  the  series  of  suborbital  bones  in  fishes  bore  some  re- 
semblance to  the  series  comprising  the  bones  now  called  the  prefrontal, 
lacrymal,  jugal,  and  postorbital  in  reptiles;  but,  with  conmiendable 
caution,  he  doubted  the  implied  homologies.  While'  not  sufficiently 
explicit,  his  objection  probably  meant  that  in  the  fishes  the  suborbital 
series  lies  altogether  outside  of  the  jaw  and  face  muscles,  while  in  mam- 
mals the  jugal  and  lacrymal  are  more  or  less  covered  by  muscles,  the 
jugal  giving  attachment  to  the  masseter.  He  apparently  did  not  take 
into  consideration  the  probabiUty  that  in  the  higher  vertebrates, 
especially  the  mammals,  the  dermal  bones  around  the  eye  have  sunk 
deeply  beneath  the  surface  and  that  the  muscles  have  gained  new 
attachments. 

In  1843  Owen,  in  his  table  entitled  *'Synon3rms  of  the  Bones  of  the 
Head  of  Fishes  according  to  their  Special  Homologies,"  definitely 
attributes  to  Cuvier  the  view  that  the  lacrymal  is  homologous  with  the 
first  suborbital  of  fishes.  Owen  himself  adopted  it  and  so,  apparently, 
did  all  other  authors  until  quite  recent  times. 

Apparently  the  first  to  doubt  the  correctness  of  this  "Cuvierian 
concept"  was  E.  Gaupp  (1910,  p.  535),  who  in  1898,  in  describing  the 
development  of  the  lizard  skuU,  raised  the  question  whether  the  so-called 
lacrymal  of  the  lizard  is  really  the  homologue  of  the  manmialian  lacrymal. 
In  1910  Gaupp  developed  this  idea  in  an  important  paper  entitled  *Das 
Lacrimale  des  Menschen  und  der  Saiiger  imd  seine  morphologische 
Bedeutung.'  After  reviewing  the  topographic  relations  of  the  so-called 
prefrontal  and  lacrymal  bones  of  recent  Sauropsida  to  the  nasal  capsules 
and  to  the  ductus  naso-lacrymalis,  with  special  reference  to  conditions 
in  Laceria,  he  concluded  that  the  evidence  pointed  to  the  non-homology 
of  the  so-called  lacrymal  of  reptiles  with  the  true  lacrymal  of  mammals. 
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which  appeared  to  him  to  be  the  homologue  of  the  reptiUan  prefrontal. 
He  therefore  proposed  to  name  the  reptilian  prefrontal  "os  lacrimale," 
while  for  the  so-called  lacr3rmal  of  reptiles  he  suggested  the  name 
"adlacrimale." 

Meanwhile  (1904-1905)  O.  Jaekel  had  reached  substantially  similar 
conclusions  upon  quite  different  grounds.  In  describing  the  skull 
of  Udenodon  pusilluSy  a  very  small  anomodont  from  South  Africa,  this 
author  appUed  the  name  "lacrymalia"  to  the  bones  that  were  located 
at  the  anterosuperior  quarter  of  the  orbits,  and  which  had  by  other 
authors  been  named  prefrontals.  He  states,  however,  that  certain 
breaks  in  this  specimen  could  not  be  clearly  distinguished  from  zigzag 
sutures  and  that  there  might  be  two  prefrontal  elements.  However, 
having  recognized  the  apparent  similarity  of  the  dorsal  element  on  the 
one  hand  to  the  lacrymal  of  mammals,  and  on  the  other  hand  to  the 
prefrontal  of  reptiles,  Jaekel  in  1905  ("Ueber  den  Schadelbau  der 
Nothosauriden")  published  a  series  of  figures  of  skulls,  including 
Trematosaurus,  Sphenodon,  PlacochelySy  and  Simosaurics,  in  which  he 
applied  the  designation  L  ("lacrymale")  to  the  element  formerly  called 
prefrontal,  while  for  the  element  formerly  named  "lachrymal,"  he 
proposed  the  name  postnasal.  Thus,  Gaupp  and  Jaekel  were  in  agree- 
ment as  to  the  homology  of  the  reptilian  prefrontal  with  the  manmialian 
lacrymal,  but  they  appUed  different  names  to  the  lower  element,  Jaekel 
calling  it  *'postnasale"  and  Gaupp  "adlacrimale." 

Although  adopted  without  question  by  von  Huene  (1911,  p.  43)  and 
by  Wiman  (1917),^  the  Gaupp-Jaekel  view  of  the  homology  of  the  lacry- 
mal of  mammals  with  the  reptilian  prefrontal  has  not  been  adopted  by 
Broili,  Case,  Williston,  Broom,  Watson,*  Hai^hton,  and  other  authors 
who  have  described  Permian  reptiles  in  recent  years.  In  opposition  to 
thisviewin  1912and  'ISIcalledattention  to  the  fact  that  Gaupp  and  Jaekel 
had  Delected  to  take  into  consideration  the  conditions  of  the  preorbital 
elements  of  the  Cynodontia,  the  very  reptiles  which,  above  all  others, 
might  be  expected  to  throw  light  on  this  question,  and  in  which,  as  will  be 
more  fully  shown  below,  the  lower  preorbital  element  has  every  appear- 
ance of  homology  with  the  lacrymal  of  mammals.  In  the  same  papers  it 
was  suggested  that  the  resemblance  of  the  prefrontal  of  Lacerta  to  the 
lacrymal  of  mammals  was  a  convergence  phenomenon  by  which  Gaupp 
had  been  deceive4.  This  topic  is  further  considered  on  pages  131  and 
135  of  the  present  paper. 


»Al90  by  Abe!  in  hia  'Die  St&mme  der  Wirbeltierc,'  1919. 
sSee  addendum,  p.  263. 
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In  1864  Nathusius  showed  that  the  lacrymal  bone  had  a  certain 
diagnostic  value  in  distinguishing  the  different  races  of  the  genus  Sus. 
This  side  of  the  subject,  with  special  reference  to  the  ruminants,  was 
developed  by  Kober  (1880)  and  more  fully  by  Knottemus  Meyer  (1907). 

In  1901  Forsyth  Major  published  a  very  systematic  and  minute 
study  of  the  lacrymal  region  of  primates  with  important  results  which  are 
discussed  below. 

From  the  viewpoint  of  anthropotomy,  Le  Double  (1900)  has  mono- 
graphed the  niunerous  variations  of  the  lacrymal  region  of  man;  while 
many  investigators  (e.g.,  Hoffman,  1882;  Born,  1876;  Gaupp,  1910; 
Tiiflfers,  1913)  have  worked  out  the  morphology  of  the  naso-lacrymal 
duct. 

Origin  and  Scope  of  the  Present  Work 

The  present  investigation  has  partly  grown  out  of  a  difference  of 
opinion  between  Dr.  J.  L.  Wortman  and  myself  concerning  the  prob- 
able course  of  evolution  of  the  lacrymal  bone  in  Primates.  As  will  be 
shown  below  (page  207),  this  eminent  anatomist  and  palaeontologist 
assumes  certain  conditions  of  the  lacrymal  region  to  be  primitive  in 
placental  mammals  which  I  am  compelled  to  regard  as  secondary.  In 
seeking  collateral  evidence  on  this  matter,  before  finishing  the  recently 
published  work  on  the  Eocene  Primates  of  the  Notharctus  group,  I  was 
led  into  a  somewhat  extended  review  of  the  morphology  and  probable 
history  of  the  lacrymal  in  all  the  orders  of  mammals.  This  line  of  study 
naturally  connected  itself  with  the  history  of  the  facial  bones  in  recent 
and  extinct  reptiles,  amphibians,  and  fishes,  a  subject  to  which  I  had 
already  devoted  considerable  attention  and  to  which  in  recent  years  the 
labor  of  those  who  have  described  Palseozoic  vertebrates  of  all  classes 
has  brought  such  substantial  evidence  that  most  of  the  skull  elements, 
both  dermal  and  endocranial,  can  now  be  clearly  followed  throughout 
the  Tetrapoda.  It  thus  seemed  worth  while  to  bring  all  these  observa- 
tions and  deductions  together  into  a  single  paper  and  to  prepare  a  special 
series  of  drawings  illustrating  the  general  history  of  the  facial  bones 
from  fish  to  man.  These  drawings  have  been  prepared,  very  conscien- 
tiously and  skilfully,  by  Mr.  Erwin  S.  Christman  and  Mrs.  Elizabeth  M. 
Fulda,  under  my  constant  direction. 
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Synopsis  of  the  Classification  of  the  Vertebrates  Adopted  in 

THIS  Work 

Phylum  CHORDA  TA 

Subphylum  VERTEBRATA 
Superclass  Agnatha 

Class  OSTRACODERMI 

Class  Arthrodira 
Class  Cyclostomata 
Superclass  Chondrichthyes 

Class  Elasmobranchii 
Superclass  Osteichthyes 
Class  Dipnoi  (Dipneusti) 
Class  Crossopterygii 

Order  Rhipidistia  (Osteolepida) 
Order  Actinistia 
Order  Cladistia 
Class  Actinopterygii 
Order  Chondrostei 

Suborder  Palffioniscoidei 
Suborder  Acipenseroidei 
Order  Holostei 
Order  Isospondyli 
Order  Ostariophysi 
Order  Haplomi 
Order  Iniomi,  etc. 
Order  Acanthopterygii 
Superclass  Tetrapoda 
Class  Amphibia^ 
Subclass  Stegocephalia 
Order  Phyllospondyli 
Order  Lepospondyli 
Order  Temnospondyli 
Suborder  Embolomeri 
Suborder  Rhachitomi 
Suborder  Stereospondyli ' 
Subclass  EuAMPHiBiA  (Batrachia) 
Order  Gymnophiona  ( -  Apoda) 
Order  Urodela  ( =Caudata) 
Order  Anura  ( =■  Salientia) 
Class  Reptiua* 
Series  A  Anapsida 
Order  Cotylosauria 
Suborder  Seymouriamorpha 
Suborder  Diadectomorpha 


Ostracoderms 

Arthrodires 

Cyclostomes 

Sharks^  ohimieroids 

Lung  fishes 

Crossopterygians 

Osteolepidse,  etc. 

Coelacanths 

PolypteritSf  Calamoichthys 

Actinopterygians 

Old  ganoids 


New  ganoids 
Old  teleosts 

Intermediate  teleosts 

New  teleosts 


Branchiosaurs 
Microsaurs,  etc. 
Temnospondyls 
CricotuSf  etc. 
EryopSy  etc. 
MastodonaaunLSf  etc. 

Csecilians 
Salamanders,  etc. 
Frogs  and  Toads 


Seymouriidffiy  7Sauravidffi 
Diadectidse,  Pariasaurids, 


^For  ft  recent  classification  of  the  early  Amphibia  see  Watson,  D.M.S.,  1917,  Proc.  Zool.  Sor. 
I^ndoo,  pp.  167-170. 

>For  recent  classifications  of  the  Reptilia,  see  Williston,  1917,  Journ.  Geol.,  XXV,  pp.  411- 
121;  Watson,  op.  cit.,  pp.  171-183. 
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Procolophonicbe 

Suborder  Captorhinomorpha      Limnoscelicbe,  Captorhinidse, 

Pariotichidae,    Gymnarthridae,  Pantyl- 
idse 
Order  Chelonia 

Suborder  Eunotosauria 

Suborder  Pleurodira 

Suborder  Cryptodira 

Suborder  Atheca 

Suborder  Trionychia 
Series  B  Synapsida 
Order  Pelycosauria  ( =  Theromorpha) 

Suborder  Caseasauria  Caseids 

Suborder  Pelycosauria  (S.  S.)     Poliosauridae,  Ophiacodontidce,  Sphena- 

codontidffi,  Edaphosauridse 
Order  Therapsida 

Suborder  Dinocephalia 

Suborder  Dromasauria 

Suborder  Anomodontia 

Suborder  Gorgonopsia 

Suborder  Therocephalia 

Suborder  Bauriamorpha 

Suborder  Cynodontia 
Order  Placodontia 
Order  Sauropterygja 

Suborder  Nothosauria 

Suborder  Plesiosauria 
Series  C  Parapsida 
Order  Protorosauria 
Order  Squamata 
Order  Proganosauria 
Order  Ichthyosauria 
Series  D  Rhynchocephalida 
Order  Rhynchocephalia 
Order  Choristodera 
?Order  Thalattosauria 
Series  E  Diapsida  ( =  Archosauria  in  part) 
Order  Thecodontia 

Suborder  Pseudosuchia 

Suborder  Pelycosimia  Erythrosuchidse 

Suborder  Phytosauria 
Order  Crocodilia 
Order  Saurischia  (=  Dinosauria  in  part) 

Suborder  Theropoda 

Suborder  Sauropoda 
Order  Omithischia  (  =  Dinosauria  in  part) 

Suborder  Iguanodontia  ( =  Ornithopoda) 

Suborder  Stegosauria 

Suborder  Ceratopsia 
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Order  Pterosauria 
Class  AvEs 
SubclajBs  Sauruile 
Order  Archseomithes 

Subclass  ORNITHURiB 

Order  Megistanes 
Order  Struthiones,  etc. 
Class  Mammalia* 
Subclass  A.     Prom amm alia 

Order  Protodonta 
Subclass  B.     Prototheria 

Order  Monotremata 
Subclass  C.    Metatheria 
Order  Triconodonta 
Order  Miiltituberculata  (AUotheria) 
Order  Marsupialia 
Subclass  D.     Eutheria  Huxley  (Placentaua) 
Order  Trituberculata 
Order  Insectivora  (Lipotyphla) 
Suborder  Centetoidei  (Zalamb- 

dodonta) 
Suborder  Soricoidei 
Suborder  Erinaceoidei 
Suborder  Pantolestoidei 
Order  Tillodontia 
Order  Camivora' 
Suborder  Procreodi 
Suborder  Acreodi 
Suborder  Pseudocreodi 
Suborder  Eucreodi 
Suborder  Aeluroidea 
Suborder  Arctoidea 


ArchcBOTpteryx 

Emus,  Cassowaries,  Kiwis,  Moas 


Zalambdodonts,  including  Neaophontes 


EsthonyXy  TiUotheriupi, 


Oxyclsenidfle 
Mesonychidfle 

Hysenodonts,  Oxysnids,  etc. 
Miacidfle 

Viverridffi,  Hysenids,  Felidae 
Canidse,  Procyonid«,  Ursidse, 
Mustelidse 


Suborder  Pinnipedia 

Order  Cetacea 
Suborder  Archaeoceti 
Suborder  M3rstacoceti 
Suborder  Odontoceti 

Order  Artiodactyla 

Order  Amblypoda 
Suborder  Taligrada 
Suborder  Pantodonta 
Suborder  Dinocerata 


iThe  present  classification  of  the  mammalia  has  grown  out  of  the  classification  adopted  in  'The 
Ordeii  of  Mammals'  (1910,  Bull.  Amer.  Mus.  Nat.  Hist.,  XXVII)  and  is  intended  to  reflect  the  chief 
uvanres  of  the  last  decade  in  this  subject. 

^,     «ec  Matthew  jW.  D.,  1909,  Mem.  Amer.  Mus.  Nat.  Hist..  IX,  pp.  321-331 ;  1916.  Bull.  Amer. 
Mui.  Nat.  Hist.,  XkXIV.  p.  6. 


Digitized  by 


Google 


104  Bulletin  American  Museum  of  Natural  History  [Vol.  XLII 

Order  Embrithopoda 
Order  Pyrotheria 
Order  Proboscidea 
Order  Sirenia 
Order  Condylarthra 
Order  Tubulidentata 
Order  Litoptema 
Order  Notoungulata 

Suborder  Entelonychia 

Suborder  Astrapotheria 

Suborder  Toxodontia 

Suborder  Typotheria 
Order  Hyracoidea 
Order  Perissodactyla 
Order  Edentata^ 

Suborder  Taeniodonta 

Suborder  Pakeanodonta 

Suborder  Xenarthra 

Suborder  Pholidota 
Order  Rodentia* 

Suborder  SciuromorDha 

Suborder  Myomorpha 

Suborder  Dipodomorpha 

Suborder  Hystricomoroha 
Order  Lagomorpha 
Order  Dermopten^ 
Order  Chiroptera 
Order  Menotyphla 
Order  Primates  ' 

Suborder  Lemuroidea 

Suborder  Tarsioidea 

Suborder  Anthropoidea 


iFor  a  recent  classification  of  the  Edentates  see  Matthew,  W.  D.,  1918,  Bull.  Amer.  Mus.  Nat. 
Hist.,  XXXVIII,  p.  656. 

'For  a  recent  classification  of  the  Rodents  see  Miller,  G.  S.  and  Gidley,  J.  W.,  1918,  Journ.  Wash- 
ington Acad.  Sci.,  VIII,  pp.  431-448. 

•For  a  recent  classincation  of  the  Primates  see  Gregory,  W.  K.,  1916,  Bull.  Geol.  Soc.  Amer.; 
XXVI,  pp.  426-444;  1916,  BuU.  Amer.  Mus.  Nat.  Hist..  XXXV.  pp.  266-267. 
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Classification,  According  to  Function  and  Position,  of  the  Skull 

Elements  Figured  in  this  Work,  with  Abbreviations  used  in 

THE  Illustrations 

A.    Skulls  of  Fishes  (Figs.  1-7) 

1.  Mouth  and  Jaw  Bones 

pmx. — premaxilla 

mx. — maxilla 
SDmx. — supramaxilla 

V. — prevomers  ("vomers"  of  fish) 
pa.  sp. — parasphenoid  (» vomer  of  mammals) 
ect.  pt. — ectopterygoid 
en.  pt. — entopterygoid  (pterygoid) 
mt.  pt. — ^metapterygoid 
pi. — palatine 
qu. — quadrate 
sym.—- symplectic 
hm. — hyomandibular 

d. — dentary 
ang. — ^angular 

2.  Circumorbital  Series 

pf. — prefrontal 
1. — ^lacrymal,  1',  1*,  subdivisions  of  lacrymal 
j. — jugal,  j*,  j*,  subdivisions  of  jugal 
po. — postorbital,  po^  po',  subdivisions  of  postorbital 
pof. — postfrontal 

3.  Median  and  Paired  Elements  on  Roof  of  Endocranium 

in. — intemasal 
"ad.n."— "adnasal" 

if.— ("eth")  interfrontal  ("ethmoid") 
f. — frontal 
pa. — parietal 

4.  Temporal  Region 

it . — ^intertemporal  ( *  ^  spheno tic ' ' ) 

St . — supratemporal  ( *  *  pterotic ' ' ) 

sq. — squamosal  ("cheek  plate") 
p.  op. — ^preoperculum 
qu.  j. — quadratojugal 

5.  Nuchal,  Opercular,  and  Gular  Region 

dso. — dermosupraoccipital  ("supratemporal"  of  fish) 
tb.— tabular  ("epiotic") 
op. — operculum 
8.  op. — suboperculum 
i.  op. — interoperculum 
br.  St. — ^branchiostegal 
g. — gular 

6.  Elements  of  the  Endocranium 

pa.  eth. — ^parethmoid  (ossification  of  the  lateral  portion  of  the  olfactory 
capsule) 
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sph.  eth.-=— sphenethmoid 
B.    Skuli^b  op  Tetrapoda  (Figs.  8-196) 

1.  Mouth  and  Jaw  Bones 

pmx. — premaxilla 

mx. — ^maxilla 

pi. — palatine 

pt. — pterygoid 
ecpt. — ectopterygoid 

qu. — quadrate 
pasp. — ^parasphenoid  (—vomer) 
V. — ^vomer  (parasphenoid) 

pv. — prevomer 

2.  Circiunorbital  Series 

pf. — ^prefrontal 

1. — lacr3rnial 

j.— jugal 

po. — postorbital 

pof. — postfrontal 

3.  Median  and  Paired  Elements  on  Roof  of  Endocranium 

n. — nasals 
if. — ^interfrontal 
f. — frontal 
pa. — parietal 

4.  Temporal  Region 

it. — intertemporal 
St. — supratemporal 
sq. — squamosal 
quj . — quadratojugal 

5.  Nuchal  and  Occipital  Region 

dso. — dermosupraoccipital 
tb. — tabular 

6.  Elements  of  the  Endocranium 

eth. — ethmoid 

Isp. — laterosphenoid 
osp. — orbi  tosphenoid 

a.s. — alisphenoid 
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ANALYSIS  AND  CLASSIFICATION  OF  TYPICAL  CONDITIONS  OF  THE 
LACRYMAL  AND  SURROUNDING  PARTS  IN  REPTILES,  BIRDS,  AND 
MAMMALS 

I.    Prefrontal  present. 

1.  Lacrymal  present. 

A^    Lacrymal  extending  from  orbit  to  anterior  naris.    Cotylosauria  (except 

Procolophon),  NaosauraSy  Triassochelys. 
A*.    Lacrymal  not  extending  from  orbit  to  anterior  nans. 

(1)  Lacr3rmal  in  contact  with  nasal. 

a*.    Lacrymal  extending  rostrad  beyond  prefrontal, 
b^     Maxilla  not  in  contact  with  prefrontal. 

c».     No     antorbital     fenestra.       Sphenacodon,     many 

Therapsida,  most  Crocodilia. 
c*.    Antorbital  fenestra  present. 

d^     Premaxilla    not    in    contact    with   lacrymal. 
Euparkeria,  Mystriosuchus,  Triceratops, 
Tyrannosaurus, 
d*.     Premaxilla  in  contact  with  lacr3rmal.    Camp- 
tosatims,  Oryposaurus, 
b*.     Maxilla  in  contact  with  prefrontal.    Some   therapsids, 
Sq^lacops. 
a*.     Lacrymal  not  extending  rostrad  beyond  prefrontal.     Pro- 
colophon, 

(2)  Lacrymal  not  in  contact  with  nasal  (separated  from  it  by  pre- 
frontal). 

a*.     Maxilla  barely  in  contact  wth  prefrontal.    Myderosaurus. 
a*.     Maxilla  in  wide  contact  with  prefrontal. 

b*.     Lacrymal  not  reduced.    Alligator. 

b*.     Lacrymal  reduced.    Arceoscelis,  Lacerta,  Cyclura. 

2.  Lacr3rmal  absent,  its  place  usurped  by  prefrontal. 
A>.    Maxilla  in  contact  with  prefrontal. 

(1).  Premaxilla  in  contact  with  nasal.    Sphenodon, 
(2).  Premaxilla  not  in  contact  with  nasal.   Chelone. 
A*.     Maxilla  not  in  contact  with  prefrontal. 

(1).  Prefrontal  in  contact  with  palatine.    Python^  Boa. 
(2).  Prefrontal  not  in  contact  with  palatine.    Casuarius. 
n.    Prefrontal  and  postorbital  bones  absent. 

1.  Lacrymal  absent.  Monotremes,  Polymastodony  Potamogale,  Manis,  Phocidse. 

2.  Lacrymal  present. 

A^     A  primitive  (?)  naso-lacrymal  contact,  lacrymal  forming  distinct  rim 

on  anterosuperior   margin    of    orbit.    Lacrymal  foramen  internal. 

Lacrjonal    in    contact    with    jugal.     Pars    facialis  small.      Several 

marsupials,    e.g.,   Amphiproviverra,  Borhycena  tyberaUiy     Wynyardia. 

A*.     A  maxQlo-frontal  contact  above  lacrymal. 

(1)     Orbit  not  closed  posteriorly  by  jugal  and  frontal. 
a}.    Lacrymal  in  contact  with  jugal. 

b*.     Lacrymal  large,  extended  vertically,  often  bearing  on 
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.  the  dorso-anterior  margin  of  orbit  a  prominent  rim, 
which    is    inclined    upward     and     backward.       Pars 
facialis   often  extended, 
c*.     Jugal  not  extending  in  front  of  orbit. 

d>.     Lacrymal  foramen  internal,  pars  facialis  snmll. 

PaloBotheTdes. 
d*.     Lacrymal  foramen  marginal  or  external.    Pars 
facialis  large, 
e*.     Tubercle  and  rim  prominent.    Dasyuridae, 

Peramelidffi,  Macropus^  PhcUangista. 
e*.     Tubercle  and  rim  not  prominent.    Didel' 
phis. 
c^.     Jugal  extending  in  front  of  orbit,  pars  facialis  re- 
duced, tubercle  prominent.     Phascolardos,  Phas- 
colomys. 
b*.     Lacrymal  large,  with  large  pars  facialis;   lacrymal  rim 
on  anterior  border  of  orbit,  if  developed,  not  markedly 
inclined  upward  and  backward. 

c*.     Lacrymal  foramen  internal,   tubercle  prominent. 
Most  creodonts,  PercfueruSy  Dichobune  Archaeoceti. 
c*.     Lacrymal  foramen  external,  pars  facialis  much  ex- 
tended    anteroposteriorly.       OryderopuSj     many 
Suina,  Myrmecophagidse. 
c'.     As  above;  jugal  meeting  frontal  behind  lacrymal. 
Dasypodidae. 
b'.     Pars  facialis  developed  dorsally,  tubercle  prominent, 
foramen  internal.    Phenacodus^  Meniscotherium  Hegeto- 
theriunif  Pachyrukhos. 
b*.     Lacrymal  more  or  less  reduced  on  anterior  rim  of  orbit, 
pars  facialis  slight  or  wanting.    Jugal  often  extending  in 
front  of  lacrymal.    Lacrymal  foramen  internal.     Most 
Fissipedia. 
b^.     Pars  facialis  not  large,  pars  orbitalis  in  contact  with  a 

medial  process  of  the  jugal.    Sloths,  glyptodonts. 
b^.    Pars  facialis  small  or  wanting,  lacrymal  displaced  dorsad 
by  upgrowth  of  jugal  and  of  zygomatic  plate  of  maxilla. 
Many  rodents, 
b^.    Lacrymal  flattened  beneath  widely  projecting  supra- 
orbital apophysis  of  frontals.    Odontoceti. 
b*.    Lacrymal  forming  a  long  sliver  of  bone  between  the 
orbital  apophysis  of  the  frontal  and  the  maxilla.    Mysta- 
coceti. 
b*.    Pars  orbitalis  extended  anteroposteriorly  by   forward 
shifting  of  orbits.     Lacrymal  forming  anterior  rim  of 
orbit.    Sirenia. 
a*.     Lacrymal  not  in  contact  with  jugal,  which,  if  present,  is 
separated  from  lacrymal  by  maxilla, 
b^     Lacrymal  vestigial,  jugal  large,  extending  to  anterior 
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rim  of  orbit.    Urstis  sp.  div. 
b*.     Lacrymal  a  thin,  more  or  less  reduced  lamina  on  the 
wall     of     the   orbit,     sometimes     bearing     a     small 
tubercle.    Lutra^  LataXy  SpUogalCj  Eutnetopiaa. 
b*.     Lacrymal  with  a  distinct  orbital  rim  and  expanded  pars 
orbit alis,    foramen    marginal.      Jugal    more    or    less 
reduced.    Leptictida?,  Erinaceidae. 
b*.     Lacrymal  on  medial  wall  of  orbit,  extended  obliquely 
upward  and  backward,     above  enlarged  infraorbital 
tunnel.     Lacrymal  foramen  external;     jugal  absent. 
Most   zalambdodonts. 
b*.     Lacrymal  expanded  in  front  of  orbit,  above  large  tunnel 

for  masseter  medialis.    Hydrochcerus. 
b®.     Lacrymal  very  small,  on  anterosuperior  rim  of  orbit. 

Protypotheriuniy  Interatherium. 
b^.     Lacrymal  on  anterior  margin  of  orbit,  bearing  stout 
tubercle    and    separated    from    the    palatine    by  the 
maxilla.     Mastodon,  Elephas. 
(2)    Jugal  meeting  frontal  behind  orbit. 

a^  Pars  facialis  expanded  dorsally.  A  double  tubercle.  Lacry- 
mal in  contact  with  jugal.  Diadiaphorus. 
a*.  Pars  facialis  expanded  anteroposteriorly.  Tubercle  often 
prominent,  lacrymal  foramen  mostly  internal.  Lacrymal  in 
contact  with  jugal.  MegalohyraXy  many  Artiodactyla, 
Tupaiaj  Rhynchocyon. 
a*.     Pars  facialis  reduced,  tubercle  prominent,  foramen  internal. 

Lacrymal  separated  from  jugal  by  maxilla.    Dendrohyrax. 
a*.     Pars  facialis   variable,    occasionally   extended   secondarily. 
(Lemur)  or  small  or  absent  (Adapts,  Archaolemur).  Lacrymal 
fossa  and  duct  between  lacrymal  and  maxilla.     Lacrymal 
usually  in  contact  with  jugal.      Adapts,  Notharctus,  LemWy 
Propithecus. 
a^.     Lacrymal  forming  prominent  anterior  rim  of  orbit  (crista 
orbitalis),  pars  facialis  small,  a  fronto-maxillary  contact, 
lacrymal  foramen  prominent  in  front  of  lacrymal. 
b*.     Lacrymal  in  contact  with  jugal.    Necrolemur. 
b*.     Lacrymal  separated  from  jugal  by  maxilla.      Perodic- 
ticus,  Galago,  Tarsius. 
a*.     Lacrymal  on  inner  wall  of  orbit,  extended  vertically.    Lacry- 
mal fossa  and  duct  chiefly  anterior  to  lacrymal.     Lacry- 
mal   separated    from    nasal    by    narrow    fronto-maxillary 
contact.      Lacrymal    separated    from    jugal    by    maxilla. 
Anthropoid  apes.  Homo. 
A*.   A  secondary  naso-frontal  contact. 

( 1 )     Pars  facialis  of  lacrymal  extended.    Lacrymal  in  contact  with  jugal . 
a*.     Orbit  not  closed  posteriorly.    Many  perissodactyls. 
a*.     Orbit  closed  posteriorly  by  postorbital  processes  of  frontal 
and  jugal.    Equids. 
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(2)     Pars  facialis  reduced,  lacrymal  separated  from  jugal  by  maxilla. 
Orbit  closed   posteriorly.    Lacrymal  fossa  and   duct  between 
lacrymal  and  maxilla.    Many  Platyrrhinse. 
A*.  Lacrymal  in  contact  with  premaxilla.    No  maxillo-frontal  contact.    Other- 
wise much  as  in  Lemur.    Chiromys. 
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ORIGIN  AND  EVOLUTION  OF  THE  LACRYMAL  IN  THE 

LOWER  VERTEBRATES 

Fishes 

In  the  rhipidistian,  or  osteolepidote  fish  (Figs.  1  and  2)  of  the 
Paleozoic  era,  there  is  a  ring  of  dermal  bones  around  the  orbit  which,  as  a 
whole,  corresponds  to  the  circumorbital  series  of  contemporary  and  later 
Actinopterygii  (Figs.  3-6)  and  to  a  similar  series  in  the  Dipnoi.  Of 
these  elements,  the  one  at  the  antero-inferior  corner  of  the  orbit  very 


Figs.  1,  2.     Head  of  a  very  primitive  rhipidistian  fish  Osteolepis  macrolepidotus 

from  the  Old  Red  Sandstone,  Scotland.    Enlarged.    After  Goodrich. 

1.     Side  view.    2.    Dorsal  view. 

Main  lateral  line  canals  indicated  by  dotted  linee. 

probably  represents  the  mammalian  lacrymal,  since  it  has  been  traced 
forward  from  the  Rhipidistii^  through  the  earUest  amphibians  and 
reptiles  into  the  cynodont  reptiles,  where  its  homology  is  clearly  estab- 
lished.* The  remaining  bones  of  the  series  in  the  Rhipidistii,  beginning 
at  the  anterosuperior  border  of  the  orbit,    represent  the  prefrontal,* 


11915.  Ann.  N.  Y.  Acad.  Sci.,  pp.  330-337. 

'1913.  Joum.  Morphol..  pp.  3.  4;   1915,  Ann.  N.  Y.  .\cad.  Sci.,  pp.  330-337. 

>Wataon  and  Day.  1916,  and  Goodrich.  1919. 
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postfrontal,  postorbital,  and  jugal,  respectively,  of  tetrapod  vertebrates. 
Accordingly,  the  lacrymal,  at  its  very  first  appearance  in  the  distant 
Paleozoic  ages,  is  associated  with  a  set  of  bones  with  which,  in  spite  of 
all  the  readjustments  involved  in  the  evolution  of  certain  fishes  into 
tetrapods,  it  persistently  retains  connection. 


Figs.  3  to  7.     Skulls  of  Ganoids,  Teleosts  and  Polypterus. 

Amiacalva.    Class  Actinopterygii,  Order  Uoloetei,  family  AmiidK.   Young  specimen.  Lateral 

line  canals  after  Allis. 
Lepido8teu8  Iriatcechua.    Class  Actinopterygii,  order  Holostei,  family  Lepidosteida*.    Lateral 

line  canals  adapted  from  Goodrich,  after  Allis  and  Collinge. 
Tarpon  atlanlicus.    Class  Actinopterygii,  order  Isopondyli,  family  Elopidse. 
Sphyrama  barractUa.     Class  Actinopterygii,   order   Acanthopterygii,   suborder  Percesoces. 

family  SphyreenidsB. 
Polypterus  bichir.     Class  Crossopterygii,  order  Cladistia,  family  Polypteridse. 


Another  bone  with  which  the  lacrymal  of  fishes  often  gains  contact 
is  the  palatine.  At  this  stage  the  lacrymal  is  separated  from  the  frontal 
by  the  prefrontal  and  the  parethmoid. 
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In  Polypterus  (Fig.  7)  the  lacrymal  is  a  small  wedge-shaped  element 
in  the  antero-inferior  comer  of  the  orbit,  which  extends  toward  the 
nose  and  begins  to  resemble  the  lacrymal  of  later  types.  In  the  dried 
skull  of  this  fish  there  is  a  tunnel  beneath  the  lacrymal  which  rims  for- 
ward toward  the  nostril.  At  first  sight  it  suggests  the  naso-lacrymal 
duct  of  tetrapods,  but  Pollard's  dissections  (1892)  show  that  it  trans- 
mits the  superior  maxillary  branch  of  the  fifth  nerve,  which  in  later 
types  passes  through  the  maxillary. 


vwvvx 

Aficrofi/ioliS 

Fig.  8.  Generalized  stegoceph  skull,  showing  location  of  sensory  grooves. 
After  McK>die. 

Fig.  9.  Fore  part  of  skull  of  Micropholis  stowi,  showing  course  of  naso-lacrymal 
duct.   After  Watson. 

The  lacrymal  of  primitive  fishes  bears  on  its  outer  surface  a  branch 
of  the  *' lateral  line  system,"  which  is  supposed  by  Baur  (1896),  AUis 
(1899),  Moodie  (1908),  and  others  to  have  given  rise  to  the  '* sensory 
grooves"  on  the  surface  of  the  skull  of  stegocephs  (Fig.  8).  It  has  been 
suggested  by  Watson  (1913)  that  the  naso-lacrymal  duct  of  later  tetra- 
pods may  be  a  special  derivative  of  these  sensory  grooves. 
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Amphibia 
In  his  description  of  the  skull  of  Micropholis  stowi  (Fig.  9),  a  small 
stegoceph  from  the  Trias  of  South  Africa,  Watson  refers  to  the  naso- 
lacrymal  duct  of  this  animal  in  the  following  passage: 

Four  of  the  skulls  show  very  clearly  the  course  of  the  ductus  naso-lacr>'malif» 
which  is  a  narrow  canal  nmning  in  the  substance  of  the  lacrymal  bone  from  the  orbit? 
which  it  leaves  by  two  openings,  to  the  nostril,  where  it  opens  behind  and  below 
the  septomaxilla.  This  is,  I  believe,  the  first  recognition  of  a  ductus  naso-lacrymalis 
in  the  Stegocephalia,  and  the  occurrence  is  very  interesting  from  several  points  of 
view : — 

(a)  The  very  superficial  position  of  the  duct.  In  development  in  recent  types 
this  begins  merely  as  an  epidermal  thickening  which  grows  down  into  the  head  and 
subsequently  acquires  a  lumen;  in  Micropholis  we  have  an  early  condition  where 
the  duct  is  still  in  the  skin  and  has  not  yet  sunk  at  all  deeply. 


Figs.  10  to  1 1 .  Skulls  of  Branchiosaurs.  Class  Amphibia,  subclass  Stegocephalia, 
order  Phyllospondyli. 

10.  Mdanerpeton  falax.    Family  Apateonidse.    Permian,  Bohemia.    After  FritAch.    Presence  of 

lacrvmal  doubtful. 

11.  Branchiosaurui  amblystoma.    Family  Branchiosauridae.     Permian,  Saxony.    After  Credner. 

Lacrymal  absent. 

(b)  The  very  great  forward  extension  of  the  duct  and  its  very  unusual  exit, 
practically  on  the  outer  surface  and  just  behind  the  septomaxilla,  are  of  interest.  The 
duct  only  occurs  in  Tetrapoda,  never  in  fish,  and  its  origin  is  obscure;  it  may  be 
suggested  that  it  is  possible  that  it  has  been  derived  from  one  of  the  lateral  line  canals 
so  commonly  found  in  Stegocephalia,  of  which  there  is  no  trace  in  Micropholis, 
(Op.  cit.,  pp,  342-343.) 

In  modem  urodeles  the  naso-lacrymal  duct,  which  is  continuous 
with  the  lacrymal  glands,  is  developed  as  a  solid  epithelial  cord  which 
follows  the  cleft  leading  from  the  orbit  to  the  nares  and  lies  between  the 
maxillary  and  lateral  nasal  processes  of  the  embryonic  head.     (Keith, 
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Figs.  12  to  17.  Skulk  of  various  Stegocephs.  Class  Amphibia,  subclass  Stenocephalia. 

12.  Trimerorhaehis  inngnis.     Order  Temnoapondyli,  suborder  Rhachitomi,    family    Trimero- 

rhachidiB.    Permo-Carboniferoufl,  Clear  Fork,  Texas.    After  Williston. 

13.  Stegtyps  divaricata.    Order  uncertain,  family  Stegopids.    Coal  Measures,  Ohio.  After  Moodie. 

14.  Mieropholiii  stotri.     Order   Temnospondyli,   suborder   Rharhitomi,   family   Micropholidte. 

Middle  Triassic,  Prooolophon  zone.  South  Africa.    After  Watson. 

15.  Bolhricevs  australis.     Order  Temnospondyli,  suborder  Rhachitomi,  family  Brachyopidap. 

Middle  Triassic,  Procolophon  «one.  South  Africa.    After  Broom. 

16.  BroUiellus  texensis.      Order  Temnospondyli,  suborder  Rhachitomi,  family  Dissorhophidsp. 

Permo-Carboniferous,  Texas.    After  Williston. 

17.  DiplocaxduH  megacephalus.     Order  Lepospondyli,   family   Diplocaulida*.      Permo-Carbonif- 

erous, Texas.    After  Douthitt. 
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^r/^/fS  in€yace/>Aa/us 


Cyciotasauras 


LoKomma  oilmani 


ArckeyosaurtiS  /ati-rostn's 


Figs.  18  to  21.     Skulls  of  Stegocepks.    Class  Amphibia;  subclass  Stegocephalia, 
order  Temnospondyli. 

18.     ** Loxomma"  cUlmani.    Suborder  Embolomeri,  familv  Loxommatids.    Upper  Carboniferouti 
Northumberland,  England.    After  Erableton  and  Atthey. 
Archepo9aurtis  UUirostris.    Suborder  Rbachitomi,  family  Archegosaurids.    Lower  Permian, 

Rhine  Province,  Germany.    After  H.  von  Meyer. 
Brjwpa  megacephalua .     Surborder   Rbachitomi,  family  Eryopida;.     Permo-Oarboniferous, 
exas. 


19. 
20. 
21. 


Cyelotoaauru9    robugtug.      Suborder    Stereospondyli,    family     Mastodonsauridc       Upper 
Triaasic,  Swabia,  Germany. 
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Kingsley.)     In  urodeles  that  retain  a  lacrymal  bone  (see  below,  p.  224) 
it  is  pierced  by  the  naso-laerymal  duct. 

In  all  really  primitive  fishes  the  eyes  are  located  near  the  front  end 
of  the  head,  not  far  behind  the  nostrils,  and  the  same  is  true  of  all  the 
more  primitive  Palaeozoic  amphibians  and  reptiles.  Hence,  it  is  not  sur- 
prising that  the  lacrymal  bone  at  the  antero-inferior  comer  of  the  orbit 
often  has  a  wide  contact  with  the  nasal  bone  and  extends  far  toward  the 
nares. 


2 


Sei'ronota 


A7n6lystoma 


Figs.  22,  23.    Skulls  of  modem  Urodeles  showing  loss  of  the  lacrymal  and  reten- 
tion of  the  prefrontal.   Class  Amphibia,  subclass  Euamphibia. 

22.  AnMyuioma  opcMvm.     Order  Urodela,  suborder  Myctodera,  family  Amblystomidse.  After 

W.  K.  Parker. 

23.  StironoUi  (  ^Sclamandrina)  perspicillata.    Order  Urodela,  suborder  Myctodera,  family  Sala- 

mandrid«.    After  W.  K.  Parker. 

As  a  rule,  the  snout  of  both  Rhipidistii  and  early  Amphibia  is  wide 
and  depressed,  with  wide  premaxillae  and  nasals  and  laterally  placed 
nares.  The  maxilla  is  vertically  shallow,  never  extended  dorsad  on  the 
face. 
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In  many  of  the  early  Amphibia  the  kciymal  is  excluded  from  the 
orbital  border  by  the  downward  growth  of  the  prefrontal  which  gains 
contact  with  the  jugal  (Figs.  15,  17,  19,  21);  but  this  speciaUzation  is 
avoided  by  the  very  ancient  stegoceph  Loxomma  (Fig.  18)  and  by  all 
the  primitive  reptiles. 


21 


J^6//2^ 


Figs,  24,  25.     Skulls  of  modem  Anura.    Class  Amphibia,  subclass  Euamphibia. 
order  Anura.    After  W.  K.  Parker. 

24.  Rana  pipiens.    Family  Ranidsp. 

Two  small  bones  between  the  nasals  and  the  maxilla  were  called  by  W.  K.  Parker  **pre- 
orbital "  and  *'  anterior  suborbital"  or  lacrymal  respectively.  By  comparison  with  Bothri- 
cepn  (Fig.  15)  and  Broiliellu»  (Fig.  16),  the  anterior  bone  (?1)  is  seen  to  have  the  general 
position  of  the  lacrymal,  while  the  posterior  bone  ("  1 ")  bone,  suggests  the  prefrontal. 

25.  Bufo  ornatus.    Family  Bufonida:;.     No  trace  of  the  prefrontal  or  of  the  lacrymal  is  present. 

The  skull  roof  is  secondarily  widened. 

At  least  in  Trematosaurus  sobeyi  Haughton  the  lacrymal  was 
pierced  by  a  large  duct  and  was  in  contact  below  with  the  palatine 
(cf.  Haughton,  1915,  Fig.  6,  page  51).  These  conditions  thus  aflford 
evidence  in  favor  of  the  Cuvierian  view  that  the  bone  usually  called 
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"lacrymal"  in  the  lower  vertebrates  is  rightly  identified  with  that  ele- 
ment in  the  therapsids  and  mammals.  In  this  stegoceph  the  lacrymal 
was  extended  from  the  orbit  beyond  the  prefrontal,  but  was  excluded 
from  the  nostril  and  the  septomaxilla  by  the  naso-maxillary  contact. 
Most  of  the  recent  Amphibia  (Figs.  22-25)  have  sacrificed  the  lacry- 
mal, together  with  many  other  dermal  elements,  but  a  small  element  in 
Ranodon  and  Ellij>8oglo88a,  which  was  named  Praefrontale  II  (Pf '  of  Taf . 
XXIII,  Figs.  64,  69)  by  Wiedersheim  (1877,  p.  418),  is  regarded  by  the 
Sarasins  as  a  true  lacrymal  (1887-1890,  p.  157).  Wiedersheim  (/oc.  ciO 
represents  the  lacrymal  at  the  anterior  inferior  part  of  the  orbit,  artic- 
ulating with  the  prefrontal,  nasal,  and  maxilla.  Cope  (1889,  PI.  xxii, 
fig.  1)  shows  that  the  lacrymal  is  retained  by  Gyrinophilus,  which  is  in 
many  resepcts  the  most  primitive  Plethodontid.  In  this  genus  the 
lacrymal  is  excluded  from  contact  with  the  nasal  by  the  broad  contact 
of  maxilla  and  prefrontal.  The  "nasale  laterale*'  (Wiedersheim)  of 
csecilians,  which  has  the  position  of  a  lacrymal,  has  been  shown  by 
the  Sarasins  (op.  cit,,  pp.  155-157)  to  be  an  exposed  flange  of  the 
olfactory  capsule  and  is  named  by  them  'Hurbinale." 

Primitive  Reptiles 

In  the  primitive  reptiles  of  Permo-Carboniferous  times  (Figs.  26, 
29,  30)  the  skull  is  deepened  by  the  downward  growth  of  the  suspensoria 
of  the  jaws,  the  snout  is  more  or  less  pointed,  the  opposite  nares  being 
nearer  together  than  was  the  case  in  the  stegocephs.  The  lacrymal 
retains  its  wide  contact  with  the  nasals  and  is  extended  longitudinally 
from  the  orbit  to  the  nares.  The  whole  circumorbital  ring  of  bones 
(Figs.  29-35)  is  intact  and  little  modified  and  the  maxilla  is  primitively 
not  extended  dorsad  on  the  side  of  face:  In  the  Triassic  Procolophon 
(Fig.  33),  the  last  survivor  of  the  cotylosaurs,  the  enlargement  of  the 
orbit  and  the  dorsal  growth  of  the  maxilla  have  contributed  to  the  reduc- 
tion of  the  lacrymal,  which  now  parallels  that  of  certain  Hzards  and  is 
becoming  smaller  than  the  prefrontal  (cf.  Watson,  1914). 

In  the  Chelonia  (Fig.  36),  which  doubtless  represent  a  highly 
speciaUzed  offshoot  of  the  Cotylosauria,  the  true  lacrymal  has  dis- 
appeared along  with  several  other  elements  of  the  dermal  skull,  its 
place  being  usurped  by  the  prefrontal.  Jaekel  (1916,  Taf.  iv,  v,  and 
pp.  143-145)  figures  in  Stegochelys  (Triassochelys)  dux  a  suture  separating 
the  maxilla  below  from  the.  **postnasale"  (lacrymal)  above,  which  is 
represented  as  a  separate  element  extending  from  the  anterior  nares 
nearly  to  the  orbit. 
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Figs.  26  to  28.     Skulls  of  Cotylosaurs.    Class  Reptilia,  series  Anapsida,  order 
Cotylosauria. 

26.  Seymouria  baylorentU.    Suborder  Seymouriamorpha,  family  Seymouriidse.    Permo-Carbon- 

iferous,  Texas.    After  Williston. 

27.  Pantyltts  cordcUiu.    Suborder  Captorhinomorpha,  family  Pantylidae.    Permo-Carboniferous. 

Texas.    After  Williston. 

28.  **  Pariasaurus.'*    Suborder  Pariasauria,  family  Pariasauridse.    Middle  Permian,  Pariasaurus 

Bone,  Gouph  district,  South  Africa.    After  Watson. 
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Figs.  29  to  35.     Skulls  of  Cotylosaura.    Class  Reptilia,  series  Anapsida,  orde 
Cotyloeauria. 

29.    Sejfmouria  baylorenn*.    Suborder  Seymouriamorpha,  family  Seymouriidse.     Permo-Carbon- 

iferotu,  Clear  Fork.  Texas.   After  Williston. 
39.    DiadecUM  iBmpedia»)  molarU.     Suborder  Diadectomorpha,  family  Diadectidn.     Permo- 

Carboniferous,  Texas.    After  Broom. 

31.  Labidotauru*  sp.     Suborder  Captorhinomorpha.  family  Captorhimde,  Uppermost  Clear 

Fork,  Texas.     After  Williston. 

32.  Limnoscdis  paludU.    Sub<Mder  Captorhinomorpha,  family  Limnoecelids.     Permo-Carbon- 

iferous.  New  Mexico.    After  Williston. 

33.  Frocolophon  trigoniceps.     Suborder   Diadectomorpha,    family    Procolophonidse,    Middle. 

Triassic,  Prooolophon  sone,  Upper  Beaufort  beds,  Dist.  Queenstown,  Cape  Colony,  South 
Africa.    After  Watson. 

34.  PantjfluB  cordatus.    Suborder  Captorhinomorpha,  family  Pantylid®.    Permo-Carboniferous, 

Lower  Clear  Fork,  Texas.    After  Williston. 

35.  **  ParioMunu,"  sp.   Suborder  Diadectomorpha,  familv  Pariasauridffi.     Middle  Permian, 

Pariasaunis  lone,  Gouph  district,  Hottentots  River,  Cape  Colony,  South  Africa. 
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Fig.  36.     Chelone  imbricaia.    Class  Reptilia,  series  Anapsida,   order   Testuidi- 
nata,  suborder  Cryptodira,  family  Chelonidse. 
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Figs.  37  to  39.     Skulls  of  Pelycosauns.    Class  Reptilia,  series  Synapsida,  order 
Pelycosauria. 

37.  Naosaurua  claviger.    Family  Edaphosauridse.     Permo-Carboniferous,  Wichita  beds,  Texas. 

After  Williston. 

38.  MycterosauruH  longiceps.     Family  Poliosauridae  (?).     Permo-Carboniferous.     Lower  Clear 

Fork,  Texas,    .\fter  Williston. 

39.  Sphenacodon.      Family    SphenacodontidsD.     Permo-Carboniferous,    New    Mexico.      After 

Williston. 
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Among  the  Pelycosaurs  (Figs.  37-39)  and  their  alUes,  as  described 
by  Williston,  the  lacrymal  reaches  the  nares  in  Varanops  and  Naosaurus; 
but  in  MyderosauruSf  Dimetrodoriy  and  other  genera,  through  the  up- 
growth of  the  maxillary  and  the  lengthening  of  the  jaws  in  front  of  the 
orbit,  it  loses  its  connection  with  the  nares  and  retains  only  a  moderate 
extension  on  the  face  in  front  of  the  orbit. 

Diapsid  Reptiles 

The  next  higher  grade  above  the  pelycosaurs  and  allied  forms  is 
represented  by  the  group  of  thecodont  reptiles  with  two  temporal 
fenestrsB,  including  the  aetosaurs,  belodonts,  crocodilians,  dinosaurs, 
and  pterosaurs,  in  all  of  which  the  prefrontals  and  the  lacrymals  are 
both  present,  and  the  lacrymal  is  always  excluded  from  the  nares  by  the 
upgrowth  of  the  maxilla.  A  relatively  primitive  condition  of  the  lacry- 
mal in  this  series  is  illustrated  in  the  type  skull  (Fig.  43)  of  Euparkeria 
capensis  Broom  (1913).  *'Here,"  writes  Broom,  *Hhe  lachrymal  is  an 
unusually  large  bone.  It  forms  most  of  the  anterior  orbital  margin. 
Above,  it  has  a  long  articulation  with  the  prefrontal,  and  below  a  short 
one  with  the  jugal.  Anteriorly  it  has  a  large  development  which  forms 
the  upper  margin  of  the  antorbital  vacuity,  meeting  the  ascending  process 
of  the  maxilla.  Of  the  anterior  process  much  is  below  the  level  of  the 
general  surface  of  the  face,  suggestive  of  the  antorbital  vacuity  having 
lodged  a  large  gland.  The  prefrontal  is  a  small  narrow  bone  which 
forms  about  half  of  the  upper  orbital  margin.  It  is  bounded  above  by 
the  frontal  and  nasal  and  below  by  the  lachrymal.*' 

The  enlargement  and  fenestration  of  the  lacrymal  and  the  small 
size  of  the  prefrontal  is  greatly  emphasized  in  the  saurischian  dinosaurs, 
in  which  the  prefrontal  is  greatly  reduced  or  wanting,  and  the  lacrymal 
enormously  enlarged.  In  Tyrannosaurus  (Fig.  42),  for  example,  the 
lacrymal  forms  a  huge  V-shaped  brace  with  its  apex  directed  upward 
and  backward,  the  anterior  limb  articulating  with  the  nasals  and  the 
ascending  process  of  the  maxilla,  the  posterior  limb  resting  on  the  jugal. 
It  has  been  suggested*  that  the  antorbital  fenestra,  which  is  bounded 
above  and  behind  by  the  lacrymal,  did  not  serve  for  the  lodgment  of  a 
large  gland,  as  supposed  by  Broom,  but  that  its  inner  borders  gave  in- 
sertion to  a  huge  pterygoid  muscle,  homologous  with  the  pterygoideus 
anterior  of  Crocodilia,  which  extends  forward  beneath  the  lacrymal. 
This  suggestion  seems  to  be  strengthened  by  the  form  and  relations  of  the 
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Fig.  40.  Skull  of  Alligator  mississippiensis.  Class  Reptilia,  series  Diapsida, 
order  Crocodilia,  suborder  Euduchia,  family  AUigatoridaj. 

Fig.  41.     As  in  Fig.  40,  oblique  side-top  view. 

Fig.  42.  Tyrannosnurus  rex.  Cla.ss  Reptilia,  series  Diapsida,  order  Saurischia, 
suborder  Theropoda,  family  Deinodontidae.  Late  Cretaceous,  Lance  Formation,  Hell 
Creek  beds,  Montana.    After  Osborn. 
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antorbital  fenestra  of  MysiriosuchiiSj  as  figured  by  McGregor  (1906, 
PI.  vu).  Here  the  general  resemblance  of  the  antorbital  fenestra  to  the 
lateral  temporal  fenestra,  which  is  known  to  be  a  muscle  fossa,  is  very 
evident.  In  any  case  the  lacrjonal  in  all  the  thecodont  reptiles  plays  an 
important  part  as  a  brace  between  the  upper  jaw  and  the  frontal  region 
of  the  skull. 

The  t3T>ical  Crocodilia  have  a  well-developed  lacrymal  bone,  which 
is  pierced  by  the  naso-lacrymal  duct  and  usually  retains  the  normal 
reptilian  connections  with  the  nasal,  prefrontal,  maxilla,  and  jugal. 
Owing  to  the  presence  of  a  large  tunnel  (Fig.  41)  in  front  of  the  orbits 
for  the  pterygoideus  anterior  muscle,  the  lacrymal  is  restricted  to  the 
upper  part  of  the  face  and  is  widely  separated  from  the  palatine  bone 
below.  In  form,  proportions,  and  other  characters  the  lacrymal  differs 
widely  in  the  different  genera  and  famiUes  of  this  order.  Among  the 
thalattosuchians  (cf.  Fraas,  1902),  it  is  greatly  reduced  in  size  and  the 
prefrontal  is  correspondingly  enlarged,  while  in  TeleosauruSj  OsteoUemxis, 
Tomistomay  and  most  other  CrocodiUa  it  is  much  larger  than  the  pre- 
frontal. In  Diplocynodon  it  is  unusually  large,  in  correlation  with  the 
widening  of  the  snout.  In  AUigatar  (Figs.  40,  41)  it  loses  its  primitive 
contact  with  the  nasals.  In  AUigatorium  meyeri  Jourdan,  as  figured  by 
Lortet  (1892,  PI.  x),  the  lacrymal  is  essentially  similar  to  that  of  Alii- 
gaioTy  save  that  it  retains  a  sUght  contact  with  the  nasal. 

The  whole  configuration  of  the  facial  elements  of  the  relatively 
primitive  omithischian  dinosaur  Campiosaurus  (Fig.  44),  as  figured 
by  Gilmore  (1909,  p.  205),  may  readily  be  derived  from  the  pattern  in 
Euparkeria  (Fig.  43)  by  a  great  increase  in  size  of  the  premaxilla,  which 
in  turn  was  correlated  with  the  development  of  a  beak.  This  has 
crowded  back  the  ascending  process  of  the  maxilla  and  greatly  reduced 
the  antorbital  vacuity.  In  this  way  the  premaxilla  has  gained  contact 
with  both  the  lacrymal  and  the  prefrontal  and  has  excluded  the  nasals 
from  contact  with  the  lacrymal.  The  reduced  lacrymal,  however,  still 
borders  the  vestigial  antorbital  fenestra  posteriorly  and  retains  its 
primitive  contact  with  the  prefrontal  above  and  the  jugal  below.  Above 
it  is  a  new  derm  bone,  the  presupraorbital,  which  attains  a  large  size  in 
Stegosaurus. 

The  pattern  of  the  facial  elements  in  Iguanodon  (as  figured  by  DoUo, 
1883,  PI.  ix)  differs  from  that  of  Camptosaurus  in  the  deepening  of  the 
maxilla,  which  is  in  wide  contact  with  the  nasals,  and  separates  the  pre- 
maxilla from  the  prefrontals.  The  antorbital  fossa  is  almost  vestigial 
and  the  lacrymal  is  now  very  small  but  retains  its  normal  contacts  with 
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Figs.  43  to  46.  Skulls  of  a  pseudosuchian  (Euparkeria)  and  of  typical  omith- 
ischian  dinosaurs,  showing  the  retraction  of  the  lacrymal,  the  reduction  of  the  ant- 
orbital  fenestra,  and  the  backward  extension  of  the  premaxilla  in  the  Omithischia. 

43.  Euparkeria  cajaensU.    Claas  Reptilia,  series  Diapaida,  order  Thecodontia,  suborder  Pseudo- 

suchia,  family  A^tosaurids.    Upper  TriaMic,  Cynognathus  lone,  Burghersdorp  beds,  Cape 
Colony,  South  Africa.    Natural  sise.    After  Broom. 

44.  Camptoaaurus.    Order  Ornithischia.  suborder  Iguanodontia,  family  Camptosauridse.    Upper 

Jurassic,  Morrison  Formation,  Wyoming.     Composite  restoration,  after  Gilmore.      XH- 
io,  supraorbital  (anterior),  a.o.f.,  antorbital  fenestra. 

45.  OrypoMurus  (  ^  Kritogaurus)  noiabilis.     Order  Ornithischia,  suborder  Iguanodontia,  family 

Trachodontidee.     Upper  Cretaceous,  Belly  River  formation.  Alberta,  Canada.     After 
Lambe. 

46.  Trieeratopa  flaheUalus.    Order  Ornithischia.  suborder  Caratopsia,  family  Ceratopsidie,  Late 

Cretaceous,  Lance  Creek  beds,  Converse  Co.,  Wyoming.    After  Hatcher. 
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the  prefrontal,  maxilla,  and  jugal  (op,  ciLy  p.  234).  As  in  Camptosaurus, 
the  lacrjnnal  is  surmounted  by  a  divergent  presupraorbital  bone. 

In  Stegosaurus,  as  figured  by  Gilmore  (1914,  PI.  v),  the  antorbital 
fenestra  has  been  obliterated  by  the  secondary  spreading  of  the  lacry- 
mal,  nasal,  and  ascending  process  of  the  maxilla.  In  general,  the 
Stegosaurus  face  is  closely  related  in  its  construction  to  that  of  Iguanodon. 

In  Trachodon  the  anterior  nares  are  greatly  enlarged,  extending  back 
to  the  lacrymals  without,  however,  disturbing  the  primitive  omith- 
ischian  relations  of  the  lacr3anal. 

In  the  highly  specialized  crested  trachodonts  (figured  by  Brown 
and  by  Lambe)  the  nasal  cavity  is  enlarged  and  prolonged  backward  on 
to  the  top  of  the  skull,  so  that  the  premaxillae  and  nasals  extend  far  back- 
ward and  upward;  to  some  degree  recaUing  the  condition  in  the  odonto- 
cetes  among  manmials.  But,  in  spite  of  this,  the  lacrymal  retains  much  of 
its  primitive  omithischian  position  and  connections.  Gryposaurus  (  = 
Kritosaurus)  notabilis  Lambe  (Fig.  45)  shows  the  initial  stage  in  the 
dorsal  growth  of  the  nasal  region.  Here  the  lacrjrmal  is  in  contact  with 
the  prefrontal,  premaxilla,  maxilla,  and  jugal,  as  in  the  primitive  Campto- 
sawruSy  but  the  presupraorbital  bone  appears  to  be  absent.  In  Stephana- 
murus  (cf.  Lambe,  April  1914,  PI.  i),  and  still  more  in  Corythosaurus 
Brown,  the  extraordinary  enlargement  and  dorsal  growth  of  the  nasal 
chamber  has  conditioned  a  great  expansion  of  the  prefrontal,  which 
covers  the  side  of  this  chamber  and  now  separates  the  lacrymal  from  the 
premaxilla. 

In  the  Ceratopsia  the  lacrymal  forms  the  stout  anterior  rim  of  the 
orbit  and,  together  with  the  prefrontal  bone,  it  transmits  stresses  from 
the  postorbital  horns  downward  to  the  stout  jugal,  forward  to  the  nasal, 
and  both  downward  and  forward  to  the  maxilla.  In  front  of  the  wide 
jugo-lacrymal  junction  is  a  narrow  fissure,  directed  forward  and  down- 
ward and  located  just  below  the  narrow  ascending  process  of  the  maxilla. 
On  comparing  this  fissure  in  Triceratops  (Fig.  46)  with  the  homologous 
opening  in  MonocUmius  and  other  ceratopsians  and  trachodonts,  it 
appears  to  represent  a  vestige  of  the  antorbital  fenestra,  lying  between 
the  maxiUa  and  the  lacrymal.  In  the  relatively  primitive  Brachyceraiops 
montanus  Gilmore  (1917,  p.  15)  the  fissure  in  question  is  large  and  lies 
between  the  ascending  and  the  jugal  processes  of  the  maxilla,  exactly  as 
does  the  small  antorbital  vacuity  of  Camptosaurus.    The  fissure  is  nearly 
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obliterated  in  Stephanosaurus  and  CorythosauruSy  where  it  has  no  appear- 
ance of  transmitting  either  nerves  or  blood  vessels.^ 

In  conclusion,  the  pattern  of  the  facial  elements  in  the  whole  ornith- 
ischian  series  appears  to  be  derived  from  the  primitive  fenestrate  type 
represented  by  AetosauruSy  Omithosuchits,  and  Euparkeria,  a  result 
which  is  in  harmony  with  the  fact  that  the  pelvis  of  Euparkeria  distinctly 
foreshadows  the  omithischian  type. 

In  pterosaurs 'the  anterior  nares  are  extended  dorsad  and  the  pre- 
maxillse  have  long  ascending  processes  which  articulate  with  the  f  rontals 
between  the  enlarged  prefrontals  (called  "lacrymals^*  by  von  Huene, 
1914).  The  lacrymals,  as  shown  in  the  skull  of  Scaphognathus  figured  by 
E.  T.  Newton  (1888,  Pis.  lxxvii,  lxxviii),  bound  the  large  antorbital 
fenestrse  dorsoposteriorly  and  are  in  contact  below  with  the  jugals. 
The  elements  which  are  interpreted  as  nasals  by  both  Newton  and  von 
Huene  are  long,  narrow  strips  which  are  lateral  to  the  prefrontals. 

According  to  von  Huene  (1913,  p.  60)  there  is  a  separate  supra- 
orbital, clearly  defined  by  sutures  on  both  sides,  on  the  anterosuperior 
margin  of  the  orbit.  In  the  more  specialized  genus  NydosauruSy  as 
figured  by  Williston  (1902)  and  von  Huene  (1914),  the  nares  are  con- 
fluent with  the  enlarged  antorbital  fenestrse  and  the  lacrymals  are  fused 
with  the  prefrontals.  According  to  von  Huene  there  is  also  a  supra- 
orbital bone.    The  nasals  are  greatly  abbreviated. 

As  thus  described,  the  circumorbital  region  of  pterosaurs  might 
perhaps  be  derived  from  the  conditions  figured  in  the  aetosaurian  genus 
Euparkeria  (Fig.  43),  except  for  the  anomalous  position  of  the  supposed 
nasals,  which  are  chiefly  lateral  to  the  prefrontal.  Newton  and  von 
Huene  have  noted  the  general  resemblance  of  the  orbital  region  of  ptero- 
saurs to  that  of  birds. 

Birds 

In  the  whole  class  of  birds  the  prefrontal  is  enlarged  (Fig.  51)  and 

simulates  a  mammaUan  lacrymal,  since  it  transmits  the  lacrymal  duct 

and  is  located  at  the  anterosuperior  quarter  of  the  orbit.    Hence  it  has 

often  been  called  "lacrymal.'*    Von  Huene  (1914,  p.  61)  regards  the 


»For  this  reason,  I  would  doubt  the  interpretation  of  this  fissure  as  either  an  infraorbital  foramen 
(Hatcher,  Marsh,  Lull,  1907,  pp.  26,  27)  or  as  a  "lacrymal  foramen"  (op.  cit..  Pis.  xxxn.  xxxiv, 
XLiv).  The  real  homologue  of  the  mammaUan  infraorbital  foramen,  according  to  Gaupp  (1010),  U 
the  longitudinal  series  of  foramina  in  the  maxilla  of  recent  reptiles,  opening  on  the  face  above  the  tooth- 
row.  These  are  named  by  Gaupp  "foramina  maxillo-facialia."  They  serve  for  the  transmission  of 
twigs  of  the  maxillary  nerve.  A  similar  row  or  rows  of  vessels  is  present  in  the  maxilla  of  many  dino- 
saurs of  both  orders;  they  are  very  plain  in  the  Ceratopsia  and  in  the  trachodonts.  The  fissure  in 
question  can  hardly  be  the  ductus  naso-lacrymalis.  whicn  must  lead  from  the  orbit  to  the  interior  of 
the  nasal  chamber  at  a  deep  level,  instead  of  opening  in  front  on  the  side  of  the  face. 
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upper  part  of  this  element  as  the  homologue  of  the  reptilian  supraorbital. 
This  identification  may  eventually  be  confirmed,  especially  in  view  of 
the  general  similarity  of  the  dorsal  part  of  the  element  in  question  to  the 
true  supraorbital  of  primitive  ornithischian  dinosaurs  (Fig.  44).  Never- 
theless, in  early  stages  of  development,  this  bone,  in  struthious  and  other 
birds,  has  more  the  appearance  of  a  true  reptiUan  prefrontal,  as  shown  in 
the  figure  by  W.  K.  Parker  (1869),  T.  J.  Parker  (1891),  and  Pycraft 
(1900).  I,  therefore,  provisionally  identify  it  as  prefrontal  rather  than 
as  lacrymal  or  as  supraorbital. 

Rhyncocephalida,  Parapsida 

In  the  Triassic  rhynchosaurian  genus  Hyperodapedohy  according  to 
Burckhardt  (1900),  a  small  lacrymal  is  present.  It  is  separated  from  the 
prefrontal  by  the  posterior  tip  of  the  enlarged  premaxilla.  In  the  allied 
Stenomeiopon  Boulenger  (1903),  the  prefrontal  alone  forms  the  anterior 
brace  between  the  enlarged  maxilla  and  the  frontals  and  the  lacrymal  is 
absent.  Essentially  similar  conditions  appear  in  the  modern  Sphenodon 
(Fig.  47).  Here,  as  in  so  many  other  reptiles,  the  prefrontal  is  enlarged, 
forms  the  anterior  brace  of  the  orbit,  and  is  in  contact  below  with  the 
palatine,  It  thus  parallels  in  position  and  function  the  parethmoid  of 
fishes.   The  lacrymal  foramen  lies  between  the  prefrontal  and  the  maxilla. 

In  ChampsosauruSy  of  the  group  called  Choristodera,  the  prefrontal 
shares  in  the  elongation  of  the  snout.  A  fair  sized  lacrymal  is  present,  in 
contact  with  the  prefrontal,  maxilla,  and  jugal  (Brown,  1905,  PL  iii). 

In  Palwohatteria  Credner,  which  WilUston  was  inclined  to  relate  to 
the  Protorosauria  and  Squamata,  the  lacrymal,  according  to  Credner's 
figures  (1888,  PI.  xxv),  was  of  fairly  primitive  type,  retaining  its  normal 
contacts  with  the  prefrontal,  nasal,  maxilla,  and  jugal.  According  to 
Credner's  Fig.  3,  PI.  xxv,  the  lacrymal  was  just  excluded  from  the  orbital 
rim  by  a  sUght  prefrontal-jugal  contact. 

In  AroBoscelis  Williston  (Fig.  48),  of  the  American  Permian,  en- 
lai^ement  of  the  orbit  is  associated  with  an  apparent  reduction  of  the 
lacrymal,  the  prefrontal  usurping  its  contact  with  the  nasal. 

In  Sauranodon  and  Pleurosaurus  Lortet's  plates  show  that  the  pre- 
frontal was  enlarged  and  probably  the  lacrymal  was  small  or  wanting. 
Watson  (1914)  states  that  in  Pleurosaurus  the  lacrymal  is  a  very  small 
bone  forming  a  part  of  the  orbital  boundary  and  wedged  in  between  the 
prefrontal  and  maxilla.  These  reptiles  were  formerly  referred  to  the 
Rhynchocephalia,  but  Boulenger,  Watson  and  Williston  have  advanced 
cogent  objections  to  this  view  and  they  are  referred  by  Watson  to  the 
suborder  Acrosauria  von  Meyer,  of  the  order  Squamata. 
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Figs.  47  to  51.     Skulls  of  various  Sauropsida  showing  reduction  or  absence  of  the 
lacrymal  and  its  replacement  by  the  prefrontal. 

47.  Sphenodon  (Hatteria)  punctata.  Class  Reptilia,  series  Rhynchocephalida,  order  Rhyncho- 
ccphalia.  family  Sphenodontidie. 

ArcBoscrlis  gracUis.  Class  Reptilia,  series  Parapsida.  order  Squamata  (?).  suborder  AraM>- 
scelidia  (TProtorosauria),  family  Arecosrelidee.    Permo-Carboniferous,  Clear  Fork,  Texas. 

Cyclura  cornuta.  Class  Reptilia,  series  Parapsida,  order  Squamata,  suborder  Sauria,  family 
Iguanida;. 

Boa  constrictor.  Class  Reptilia,  series  Parapsida,  order  Squamata,  suborder  Ophidia,  section 
Aglypha.  familv  Boidie. 

Caauarius  sp.  Class  Aves,  subclass  Omithune,  order  Magbtanes,  family  Dromeide.  Im- 
mature skull  with  many  open  sutures. 
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In  many  of  the  recent  lizards  (Fig.  49)  the  lacrymal  is  reduced  some- 
times to  a  vestige,  while  the  enlarged  prefrontal  crowds  it  away  from  the 
nasals  and  partly  appropriates  the  naso-lacrymal  duct.  As  already 
noted,  Gaupp  (1910)  emphasized  the  fact  that  in  Ldceria  the  enlarged 
prefrontal  overlaps  the  cartilaginous  nasal  capsule  laterally  and  is  medial 
to  the  naso-lacrymal  duct.  In  these  characters  it  agrees  with  the  mam- 
malian lacrymal,  with  which  Gaupp  homologized  it.  It  also  has  other 
topographic  relations  often  seen  in  mammalian  lacrymals,  namely,  it 
articulates  above  with  the  frontal,  below  with  the  palatine,  and  in  front 
with  the  enlarged  maxilla;  in  Lacerta  it  is  also  separated  from  the  nasal 
by  the  junction  of  the  maxillary  process  of  the  frontal  with  the  frontal 
process  of  the  maxilla,  as  is  the  lacrymal  in  many  mammals.  In  Iguanids 
the  enlarged  prefrontal  is  in  wide  contact  with  the  nasals  as  it  is  in  the 
anomodonts. 

Nevertheless,  it  is  highly  probable  that  these  resemblances  are 
largely  due  to  convergence,  because  a  comprehensive  review  of  the 
whole  anatomy  of  lizards  shows  that  they  are  genetically  very  far  re- 
moved from  the  ancestors  of  the  mammals,  in  contrast  with  the  Therap- 
sida,  which  finally  approach  the  mammals  in  every  part  of  the  skeleton 
and  in  which  there  seems  to  be  no  room  for  doubt  that  the  lacr3anal,  and 
not  the  prefrontal,  is  homologous  with  that  of  mammals. 

The  predominance  of  the  prefrontals  over  the  lacrjrmals,  which  is 
less  marked  in  the  monitors,  attains  its  logical  extreme  in  the  snakes 
(Fig.  49),  in  which  the  lacrymal  is  entirely  wanting. 

THE  LACRYMAL  REGION  IN  THE  THERAPSID  REPTILES 

The  Therapsida  (Figs.  52  and  57)  are  sharply  distinguished  from 
the  more  primitive  Permian  reptiles  by  the  relatively  small  anterior 
extension  of  the  lacrymal,  which  is  overgrown  anteriorly  by  a  large 
ascending  flange  of  the  maxilla.  Originally  in  this  order  the  skull  may 
have  been  short  and  the  orbit  located  nearly  half-way  between  the  tip 
of  the  nose  and  the  occiput,  as  it  is  in  the  Dromasauria  and  in  the  more 
primitive  of  the  Dinocephalia.  In  the  Dromasauria  the  lacrymal  is 
crowded  between  the  very  large  orbit  and  the  enlarged  maxilla;  it  is, 
however,  in  contact  anteriorly  with  the  septomaxilla  and  separates  the 
maxilla  from  the  nasals  (Broom,  1914).  Similar  conditions  prevail  in 
the  anomodont  Dicynodon  (Fig.  52).  Here,  according  to  Broom  (1912, 
pp.  342,  343)  the  "lachrymal  has  a  comparatively  small  facial  portion, 
though  it  forms  a  considerably  larger  part  of  the  inner  wall  of  the  orbit." 
Broom  also  notes  the  presence  of  a  lacrymal  foramen  which,  he  states, 
is  rather  large  and  lies  inside  the  orbit. 
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The  most  detailed  and  complete  description  of  the  lacrymal  region 
of  an  anomodont  is  that  by  Igerna  B.  J.,  and  W.  J.  SoUas  (1913-1916) 
in  their  accounts  of  the  structure  of  the  skull  of  Diqjnodon  (Fig.  53), 
based  on  serial  sections.    The  lacrymal  contributes  a  vaulted  lamina  to 


54 

Mosc/iops 


Figs.  52  to  54.     Skulls  of  a  Dinocephalian  and  two  Anomodonts.     Class  Rep- 
tilia,  series  Synapsida,  order  Therapsida. 

52.     Dicynodon  moschopa.    Suborder  Anomodontia,  family  DicynodontidsB.    Endothiodon  lone, 

Beaufort  beds  of  the  Karroo  system,  Graaf  Reinet  district,  Cape  Colony,  South  Africa. 

After  Broom. 
Dicynodon  Uoniceps.     Suborder  Anomodontia,  family  Dicynodontidse.     Middle  Permian, 

Pariasaurus  zone.  Beaufort  beds.  Karroo  system  (from  the  Gouph  district)  Cape  Colony, 

South  Africa.    After  I.  B.  J.  and  W.  J.  Sollas. 
AfoKchops  capentis.    Suborcder  Dinocephalia,  family  Tapinocephalidse.    Lower  (?)  Permian, 

"  Horison,  not  improbably  Upper  Ecca  series."    R.  Broom.    Karroo  System,  Cape  Colony, 

South  Africa. 


53. 


54. 


the  outer  wall  of  the  chamber  surrounding  the  tusk.  This  vaulted  lamina 
meets  the  prefrontal  and  is  overlapped  by  the  nasal,  while  its  thickened 
outer  wall  is  penetrated  by  the  lacrymal  duct,  which  leads  downward 
and  forward,  opening  into  the  nasal  cavity  (op,  cit.,  1916,  PL  xxxvi, 
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fig.  7).    The  facial  part  of  the  lacrymal  is  in  contact  with  the  jugal, 
maxilla^  nasal,  and  prefrontal. 

Among  the  Dinocephalia,  as  figured  by  Broom  and   Watson,  the 
lacrymal  is  in  contact  above  with  the  nasal  and  prefrontal  and  below 


.ST^Jl^' 


Cynoynat/ius  berry i 


Figs.  55  to  57.    Skulls  of  a  Gorgonopsian  and  two  Cynodonts.    Class  Reptilia, 
series  Synapsida,  order  Therapsida. 

55.  &;v2aa>ps  rapeiMM.     Suborder  Gorgonopsia,  family  OorgonopsidflB.     Upper  Permian,  Ciste- 

oephalus  sone,  Beaufort  beds,  Cape  Colony,  South  Africa.    After  Broom.     XH- 

56.  Cynoffnathut  berrvi.    Suborder  Cynodontia,  family  Qaleeaurid«B.     Upper  Triassic,  Cynog- 

nathuB  lone,  Upper  Beaufort  beds,  Lady  Mere,  Cape  Colony,  South  Africa.      After 
Seeley,  somewhat  modified. 

57.  Ictidopns  eUgans.       Suborder  Cynodontia,  family  Galeeaiuidse.      Upper  Triassic,  Cynog- 

nathus  lone.  Upper  Beaufort  beds,  Harrismith,  Orange  River  Colony,  South  Africa. 
Natural  site. 

^ith  the  maxilla  and  the  jugal.  The  ascending  flange  of  the  maxilla 
is  well  developed,  restricting  the  facial  portion  of  the  lacrymal  anteriorly, 
separating  the  lacrymal  from  the  extended  septomaxilla  and  gaining 
contact  between  these  two  elements  with  the  nasal.  In  the  type  of 
Moschops  capensis  Broom  (Amer.  Mus.  No.  5550,  Fig.  54)  the  lacrymal 
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is  perforated  on  both  sides  of  the  skull  by  a  large  duct  which  opens  on  the 
face  immediately  in  front  of  the  orbit.  In  another  skull  of  MoschopSj 
however,  this  foramen  is  not  visible. 

In  the  Gorgonopsia  (Fig.  55)  the  face  is  perhaps  secondarily  elon- 
gated, the  vertical  flange  of  the  maxiUary  is  greatly  enlarged  and  deep- 
ened and  the  ascending  process  articulates  with  the  prefrontal  and  covers 
the  pars  facialis  of  the  lacrymal  anteriorly.  The  prefrontal  is  large  and 
separates  the  lacrymal  from  the  nasal. 

The  lacrymal  of  the  therocephalian  Lycosuchus  vanderrieti  has 
been  thus  described  by  Broom  (1902,  p.  198) :  "The  lachrymal  is  consid- 
erably shorter  than  the  prefrontal,  and  fits  in  between  the  prefrontal,  the 
maxillary,  and  the  jugal.  It  has  apparently  only  a  single  lacluymal  canal, 
well  within  the  orbit." 

The  lacrymal  region  of  the  Cynodontia  has  been  noticed  of  late 
years  especially  by  Broom  (1911,  1914),  Watson  (1911)^and  Haughton 
(1918).  Broom  states  that  in  Gomphognathu^  minor  the  lacrymal  forms 
the  front  of  the  orbit  and  much  of  its  inner  wall.  In  G.,  polyphagiis  it  is 
considerably  larger,  extending  to  part  of  the  upper  margin  of  the 
orbit,  almost  as  in  primitive  marsupials.  In  this  species,  also,  the  pre- 
frontal is  smaUer  than  in  others.  The  lacrymal  in  these  forms,  as  well 
as  in  Cynognaihus  (Fig.  56),  has  a  wide  contact  with  the  nasal.  The 
lacrymal  is  especially  well  shown  in  the  type  of  Ictidopsis  elegans  Broom 
(Amer.  Mus.  No.  5630),  as  in  Fig.  57.  The  naso-lacrymal  contact  is 
wide  and  the  facial  part  of  the  lacrymal  is  overlapped  in  front  by  the 
high  ascending  flange  of  the  maxilla.  A  small  lacrymal  foramen  lies 
inmiediately  behind  the  lacrymo-maxillary  junction.  Possibly  the  latter 
may  be  homologous  with  the  lateral  lacrymal  foramen  of  Thylacinus, 
the  former  with  the  medial  lacrymal  foramen  of  the  same  genus  (Fig.  70.) 

In  Cynosuchus  whaitsi  Haughton,  a  very  primitive  cynodont  from 
the  Lower  Beaufort  Beds,  structurally  ancestral  to  Diademodon,  the 
lacrymal  forms  most  of  the  anterior  border  of  the  orbit  and  is  in  contact 
with  the  spreading  nasal.  ''It  is  pierced  just  behind  its  suture  with  the 
maxiUa  by  the  lacrymal  foramen,  which  communicates  by  a  short  canal 
through  the  bone  with  a  foramen  within  the  orbit.  Within  the  orbit 
there  is  also  another  smaller  foramen  above  the  one  referred  to"  (Haugh- 
ton, 1918,  p.  199).  Haughton  notes  that  the  palatine  of  this  remarkably 
mammal-Uke  reptile  is  mainly  a  vertical  bone;  but  it  is  not  stated 
whether  the  palatine  was  in  contact  with  the  lacrymal  on  the  inner  wall 
of  the  orbit. 

^See  addendum,  p.  263. 
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Thus  the  Therapsida  afford  strong  evidence  for  the  traditional,  or 
"Cuvierian/'  view  that  it  is  the  lower  of  the  two  preorbital  bones  and 
not  the  upper,  which  is  the  homologue  of  the  mammalian  lacrymal.  In 
the  older  and  presumably  more  primitive  Therapsida,  such  as  the  Thero- 
cephalia  and  the  Gorgonopsia,  the  prefrontal  is  larger  than  the  lacrymal, 
but  in  the  cynodonts,  which  in  all  other  characters  approach  the 
mammals,  the  lacrymal  has  increased  in  size,  is  pierced  by  the  lacrymal 
canal  and,  like  the  lacrymal  of  primitive  mammals,  has  firm  contact 
with  the  jugal,  the  maxilla,  and  the  nasal. 

THE  TRANSITION  FROM  REPTILIAN  TO  MAMMALIAN  CONDITIONS 
Owdng  to  the  imperfection  of  the  palaeontological  record,  the  long 
ages  of  the  Mesozoic  yield  but  Uttle  direct  palseontologic  evidence  as  to 
the  final  emergence  of  the  manmials  from  the  therapsid  stem  and  the 
subsequent  modernization  of  the  mammalian  skull.  On  very  sound  and 
abundant  morphological  and  physiological  evidence  it  is  believed,  how- 
ever, that  the  acquirement  of  a  higher  body  temperature  involved  im- 
proved respiration,  improved  circulation  and  glandular  activity,  im- 
proved heat-conserving  and  heat-regulating  structures,  and  above  all  a 
greatly  advanced  central  nervous  system — all  of  which  doubtless  con- 
ditioned the  observed  differences  between  cynodonts  and  mammals. 
In  the  facial  region  the  cynodonts  differ  from  the  mammals  chiefly  in 
the  retention  of  the  prefrontal  and  postorbital  bones.  These  doubtless 
dwindled  and  disappeared,  along  with  several  other  elements  of  the  skull, 
as  the  manmialian  grade  of  organization  was  approached. 

When  the  ascending  ramus  of  the  dentary  became  so  large  that  it 
began  to  press  down  part  of  the  temporal  muscle-mass  into  a  bursa  or 
interarticular  disc,*  the  diminishing  quadrate  and  articular  bones 
increased  their  auditory  functions  and  their  jaw-suspending  function.- 
Soon  afterward  the  prefrontal  and  the  postorbital  probably  disappeared* 
and  the  lacrymal  and  the  maxilla  came  to  form  the  sole  anterior  brace 
for  the  zygomatic  arch. 

One  of  the  great  advances  connected  with  this  general  transforma- 
tion of  poecilothermal  reptiles  into  homoeothermal  mammals  was  the 
differentiation  and  spreading  of  the  sphincter  colli  muscles.     These, 


'According  to  B.  Petronievics  (1919,  pp.  200-203)  there  is  an  "incipient  condylar  procees"  on 
the  dentary  of  Gomphoffnothtu,  which  possioly  articulated  with  a  "flat  surface  on  the  squamosal"  be- 
hind it  and  thus  either  closely  approximated  to,  or  even  fully  exemplified,  an  early  stage  in  the  evolu- 
tion of  a  "temporo-mandibular    joint  like  that  o^  mammals. 

,^  *Dr.  J.  L.  Wortman  (1920,  pp.  1-62)  records  the  occurrence  of  "prefrontal,"  "postorbital," 
quadrato-jugal,"  "quadrate"  and  other  "reptilian  elements"  in  the  skulls  of  several  modern  mam- 
•Dals;  but,  for  reasons  which  will  be  set  forth  elsewhere.  I  doubt  the  correctness  of  his  identifications. 


Digitized  by 


Google 


136  Bulletin  American  Museum  of  Natural  History  [Vol.  XLII 

as  Ruge  (1897)  has  shown,  invaded  the  facial  region,  earring  with  them 
their  primitive  nerve,  the  facialis  and  its  branches,  and  giving  rise  to  the 
highly  characteristic  platysma  group,  or  mimetic  muscles,  around  the 
eyes,  nose,  and  mouth.  The  lacrymal  bone  soon  came  into  functional 
relations  with  some  of  these  muscles,  which  henceforth  exert  consider- 
able influence  upon  its  subsequent  evolution.  Perhaps  even  in  the 
therapsids  (cynodonts)  the  Ugament  of  the  eyeUds  (ligamentum  tarsale 
sive  palpebrale)  at  the  inner  canthus  of  the  eye  may  have  been  attached 
to  the  lacrymal  bone,  just  above  the  orbital  opening  of  the  lacrjrmal  duct. 
In  primitive  manmials  the  site  of  this  attachment  is  marked  by  the 
lacrymal  spine,  or  tubercle,  while  the  preorbicularis  dorsalis  and  ven- 
tralis  muscles  cover  the  facial  surface  of  the  lacr3rmal  and  are  more  or  less 
connected  with  it  by  fascia.  The  inner  surface  of  the  lacrymal,  especially 
the  pars  orbitaUs,  takes  part  with  the  frontals  in  separating  the  eye  and 
its  muscles  from  the  ethmoid  region.  The  lower  part  of  the  pars  orbitalis 
articulates  with  the  vertical  plate  of  the  palatine. 

Through  the  loss  of  the  prefrontal  the  lacrymal  of  manmials  has 
acquired  a  wide  contact  with  the  frontal  on  the  inner  wall  of  the  orbit 
and  this  contact  is  apparently  never  lost.  In  such  primitive  manamals  as 
the  opossum,  which  have  stout  zygomatic  arches,  the  lacrymal  serves  as  a 
keystone  between  the  whole  upper  jaw  and  temporal  arch  on  the  one 
hand  and  the  dermal  skull  roof  on  the  other,  as  anyone  may-realize  who 
will  try  to  spring  apart  an  opossum  skull  along  the  naso-maxillary  junc- 
tion. The  lacrymal  of  mammals  often  articulates  with  the  nasals; 
sometimes  this  contact  appears  to  be  secondary,  but  in  certain  marsupi- 
als it  may  well  have  been  inherited  from  a  cynodont  ancestor.  The 
lacrymal  usually  retains  its  primitive  relations  with  the  palatine,  jugal, 
and  maxillary,  as  well  as  with  the  naso-lacrymal  duct.  The  latter  is 
usually  covered  by  a  bony  tube  which  primitively  runs  forward  from  the 
lacrymal  along  the  inner  wall  of  the  maxillary  and  opens  near  the  front 
end  of  the  nasal  cavity  beneath  the  lower  maxillo-turbinal. 

Thus  it  will  readily  be  seen  that  the  lacrymal  of  mammals  has  rela- 
tions with  a  considerable  number  of  surrounding  elements  and  that  the 
course  of  its  evolution  has  doubtless  been  influenced  by  changes  in  each 
one  of  these  elements,  as  will  be  made  clear  on  subsequent  pages. 
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THE  LACRYMAL  REGION  IN  ALLOTHERIA,  MONOTREMES 

AND  MARSUPIALS 

Allotheria 

The  oldest  known  mammal  of  which  the  laeiymal  region  is  known  is 
Trilylodan  longcevus  (Fig.  58)  of  the  Lower  Jurassic  of  South  Africa, 
which  Dr.  Broom  (1910)  beUeves  to  be  a  multituberculate.^  According 
to  Broom,  the  lacrymal  of  this  animal  is  a  large  element  forming  the 
anterior  rim  of  the  orbit  and  with  a  large  preorbital  extension.  It 
articulates  above  with  the  very  wide  nasal,  in  front  with  the  ascending 
lamina  of  the  maxillary,  and  below  with  the  stout  jugal;  it  also  extends 
widely  on  the  inner  wall  of  the  orbit.  Thus  it  resembles  the  lacrymal  of 
Gomphognaihus  among  the  cynodonts  in  all  its  relations,  except  that  it 
does  not  articulate  with  the  prefrontal,  which  is  lacking. 

The  Paleocene  Polymastodon  Uwensis  (Figs.  59,  60),  as  described 
by  Broom  (1914),  has  extremely  wide  nasals  and  small  frontals,  as  in 
cynodonts,  Tritylodoriy  OmithorhynchuSy  and  recent  marsupials.  The 
anterior  orbital  rim  is  formed,  not  by  the  lacrymal,  which  seems  to  be 
wanting,  but  by  the  enlarged  maxilla,  which  meets  the  nasal  above  the 
orbit.  The  parietals  send  forward  narrow  processes  which  completely 
exclude  the  frontals  from  the  orbit  and  even  meet  the  nasals  and  maxillie 
above  it.  These  extraordinary  conditions,  which  may  readily  be  veri- 
fied on  the  specimen  Amer.  Mus.  No.  16321,  are  cited  by  Dr.  Broom 
as  evidence  of  remote  relationship  with  the  monotremes,  along  with  the 
great  reduction  of  the  jugal  and  the  supposed  disappearance  of  the  lacry- 
mal. 

Monotremata 

In  the  Uving  monotremes  (Figs.  61,  62)  the  lacrymal  is  absent. 

Marsupialia 

It  has  long  been  reaUzed  that  the  existing  marsupials  probably 
represent  the  survivors  of  an  early  and  pre-placental  adaptive  radiation, 
beginning  possibly  as  far  back  as  the  Jurassic  and  extending  perhaps  in 
the  Cretaceous  to  AustraUa. 

It  has  also  been  held  by  Huxley,  Dollo,  Bensley,  and  others,  on 
morphological  grounds,  that  the  opossums  represent  in  many  but  not 
all  characters  the  little  modified  stem  forms  of  the  whole  group — a 
conclusion  which  is  further  supported  by  the  discovery  of  primitive 


'At  first  light  one  might  feel  that  there  is  still  some  justification  for  Seeley's  view  that  Tritylodon 
was  related  to  the  gomphodont  cynodonts.  In  Triraehodon  kannemeyeri  the  lower  canines  become 
greatly  elongate  and  pass  upward  into  deep  sockets  in  the  upper  jaw,  the  whole  suggesting  the  relation 
of  the  enlarged  upper  and  lower  front  teetn  of  Tritylodon.  An  important  objection  to  this  view,  how- 
ever, is  that,  according  to  Broom,  the  enlarged  upper  front  teeth  of  Tritylodon  are  borne  by  the  pre- 
marilbe,  while  in  Triraehodon  they  are  certamly  borne  by  the  maxilla?. 
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Tritylodan  lanadevus 


Figs.  58  to  60.     Skulls  of  Triiylodon  and  Polymastodon.    Class  Mammalia. 

TrUjMon  lonoonus.     Subclass  Prototheria,    (?),     order   Multituberculata,   family  Trity- 
lodontidffi.    Lower  Jurassic,  Stormberg  beds,  Basutoland,  South  Africa.    After  Broom. 

Polymastodon  taoensitf.    Subclass  Paototheria  (?),  order  Multituberculata,  familv  Plagiaulaci- 
da».    Paleocene,  Polymastodon  zone,  Puerco  formation,  Ojo  Alamo,  New  Mexico.    After 
Broom. 
60.     Pdymastodon  taoemns.     Dorsal  view  of  skull.     After  Broom. 


58. 


59. 


Digitized  by 


Google 


1920]  Gregory,  Studies  in  Comparative  Myology  and  Osteology  139 

opossums  in  the  Upper  Cretaceous  of  North  America  (Matthew,  1916). 
Unfortunately,  the  lacrymal  region  of  the  type  of  Eodelphis  browni 
Matthew  is  not  known.  The  recent  opossimis  are  also  noteworthy  in  the 
present  connection  because  they  retain  many  characters  which  may  well 
be  regarded  as  a  direct  heritage  from  primitive  cynodonts.  One  of  these 
is  the  wideHspreading  nasals  (Fig.  63)  and  another  is  the  form  of  the 


61 


Figs.  61  to  62.    Skulls  of  Monotremes.    Class  Mammalia,  subclass  Prototheria, 
order  Monotremata. 

61.  Echidna  i^Tach\igUB9U9)  sp.  Family  Echidnids.    Young  skull  showingsutures. 

62.  Omitixarhiff^^i^'    Family  Omithornynchidffi.    Sutures  restored  after  Watson  and  van  Bern- 

melen. 

maxillary  bone  as  seen  from  the  outside,  as  it  curves  upward  toward  the 
nasals.  In  DidelphiSj  Chironectes^  Marmosa^  and  other  opossums  this 
ascending  blade  of  the  maxilla  is  not  so  much  developed  posteriorly  as 
it  is  in  most  mammals,  so  that  it  gains  only  a  narrow  and  rather  variable 
contact  with  the  frontals,  in  contrast  with  the  wide  fronto-maxillary 
contact  of  primitive  placentals.  Beneath  the  frontal  process  of  the 
maxilla  the  lacrymal  often  nearly  or  quite  reaches  the  widely  spreading 
nasals,  a  condition  which  may  be  a  remnant  of  the  wide  lacrymo-nasal 
contact  of  the  cynodonts.  The  lacrymal  of  the  opossums  is  extended 
dorsally  toward  the  superior  border  of  the  orbit  but  is  not  so  distinctly 
rimmed  above  as  it  is  in  most  marsupials.  The  pars  facialis  is  rather 
small  and  the  large  lacrymal  foramen  is  marginal,  as  it  is  in  many 
marsupials. 

Among  the  Borhyaenidae  of  the  Santa  Cruz  formation  perhaps  the 
most  primitive  conditions  are  preserved  in  the  genus  Amphiproviverra 
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/blaeothent/ies  mtermedius 
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Coi  UniV. 


Dicfelph/s 
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Figs.  63  to  65.     Skulls  of  Polyprotodont  Marsupials.    Class  Mammalia;  sub- 
class Metatheria,  order  Marsupialia,  suborder  Polyprotodontia. 

63.  Didelphisvirginiana.    Family  Didelphyids. 

64.  Perameles  sp.     Family  Peramelids. 

65.  Palaothfntes  inlermedius.    Family  Pala»othentid»   (Epanorthidee) .       Middle  (?)   Miocene, 

Santa  Cruz  Formation,  Patagonia.     After  Sinclair. 
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(Fig.  66) ;  here  the  lacrymal  differs  from  that  of  Dasyurus  in  that  it  has 
a  more  prominent  orbital  rim  and  a  larger  pars  facialis,  which  is  in  wide 
contact  with  the  spreading  nasals.  The  foramen  is  within  theantorbital 
border.  In  Borhycena  the  pars  facialis  is  of  small  to  moderate  size.  In 
B,  iuberaia  (Fig.  67)  there  is  a  wide  naso-lacrymal  contact  (Sinclair, 


Amphiproirii/erra 


A  Ai 


FigB.  66  to  67.    Skulls  of  Polyprotodonte  (continued) . 

66.  Amphipro$iverra  sp.    Family  Borhysnidie.     Middle  (?)  Miocene,  Santa  Cms  formation, 

Patagonia. 

67.  Borhymta  tuberata.     Family  Borhysnidee.      Middle  (?)  Miocene,  Santa  Cruz  formation, 

Patagonia.     After  Sinclair. 

1901,  PI.  XL)  but  in  B.  excavata  the  tip  of  the  maxilla  just  reaches  the 
frontals  and  slightly  separates  the  nasals  from  the  lacrymals  (idem, 

PI.  XLV). 
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In  Dasyurus  (Fig.  68)  the  lacrymal  rim  is  continuous  with  the 
superior  border  of  the  orbit.  In  Sarcophilm  (Fig.  69),  in  which  the  skull 
is  extremely  robust  and  the  muzzle  very  coarse  but  rather  short,  the 


Afyrmecod/us    ^^;^^''^  Oa^yuru^ 
Figri.  68  to  71.    Skulls  of  Polyprotodont  Marsupials  (continued). 


68.    DavyuTUi  viverrinu».    Family  Dasyuridee,  subfamily  Dasjrurinffi. 
"      •■     ~      _     •  •  -     lily  -^ 

lily         _        "    . 
71.    MyrmecobiiM  ftueiatua.    Family  Dasyiiride,  subfamily  Myrmecobiiiue. 


70. 


8arcophilu»  ttr»tnu«. 
Thylacinus  cynocephcUus 


FamUy  Dasyuridse.  subfamihr  Dasyurizue. 

Family  Dasyuridse,  subfamily  Dasyuriiue. 


Iacr3rmal  is  of  moderate  size  and  has  but  a  moderate  extension  on  the 
face.  The  lacrymal  foramen  is  external,  on  the  pars  facialis  inmiediately 
in  front  of  the  orbit.    In  the  long-faced  Thylacinus  (Fig.  70)  the  facial 
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part  of  the  lacrymal  is  extended.  The  lacrjmaal  is  expanded  superiorly 
and  bears  a  prominent  orbital  rim.  The  main  foramen  is  internal  to  the 
rim,  but  there  is  another  foramen  on  the  pars  facialis  which  leads  straight 
inward  to  the  lacrymal  duct.  This  outer  foramen  may  well  be  homol- 
ogous with  the  single  foramen  of  Sarcophilus, 

In  Perameles  (Fig.  64)  the  conformation  of  the  lacrymal  region  is 
evidently  related  to  the  typical  condition  of  the  Dasyuridae.  Although 
the  snout  is  elongate,  the  facial  part  of  the  lacrymal  is  very  small.  The 
narrow  nasals  are  widely  separated  from  the  lacrymals  by  the  wide 
maxillo-frontal  contact.  The  ethmoid  scrolls  are  expanded  and  so  is 
the  maxillary  antrum. 

Myrmecobius  (Fig.  71)  has  sometimes  been  regarded  as  related  in  a 
very  special  way  to  the  Mesozoic  mammals  and  Wortman  (1903,  p. 
407)  assumes  that  its  lacrymal  r^on  is  primitive.  The  whole  snout  is 
tubular,  the  ethmoid  folds  are  expanded,  and  in  correlation  with  this 
the  frontals  are  widely  expanded  anteriorly,  pushing  the  lacrymals  out- 
ward upon  the  zygomatic  arches.  The  lacrymals  are  also  inflated,  as 
they  are  in  the  Menotyphla  and  other  forms  with  similar  construction 
of  the  snout  and  ethmoid  r^on.  The  pars  facialis,  as  in  all  such  forms, 
is  extended.  The  dorso-anterior  orbital  rim  of  the  lacrymal  is  imusually 
well  developed.  The  foramen  occupies  its  primitive  position  behind  the 
antorbital  rim.  From  a  study  of  the  basicranial  region  and  other  parts 
of  the  skull,  the  writer  would  endorse  the  conclusion  of  Bensley  (1903) 
that  Myrmecobius  is  only  a  specialized  dasyxuid.  Hence  its  lacrymal 
region  is  not  as  primitive  as  it  is  in  Dasyurus, 

Among  the  diprotodonts  perhaps  the  most  primitive  construction 
of  the  lacrymal  region  is  seen  in  the  early  Tertiary  genus  Wynyardia 
(Fig.  72)  of  Baldwin  Spencer  (1900,  PI.  l).  The  lacrymal  is  extended 
dorsally  over  the  orbital  siuf ace  of  the  frontal  and  is  in  contact  with  the 
nasal,  excluding  the  maxilla  from  contact  with  the  frontal.  It  has  a 
prominent  orbital  rim  and  the  pars  facialis  is  short.  The  foramen  is 
located  on  the  pars  facialis  on  the  edge  of  the  orbital  rim. 

Similar  types  of  lacrjmaal  are  seen  in  the  modem  phalangers  and 
then-  allies  and  in  the  Macropodidae  (Fig.  73).  The  maxillo-frontal 
contact  varies  in  extent,  but  is  well  developed  in  the  Macropodidse.  In 
Halmatums  the  beautiful  dissections  of  Boas  and  PauUi  (1908,  PI.  xiii) 
show  that  the  orbital  tubercle,  or  rim,  serves  dorsally  for  the  attachment 
of  the  fascia  covering  the  temporal  mass  and  ventrally  for  the  attach- 
ment of  the  palpebral  ligament.  The  facial  mucsles  are  less  differentiated 
than  in  placental  mammals  and  clearly  suggest  their  connection  with  the 
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platysma  muscle.    This  furnishes  additional  evidence  of  primitive  condi^ 
tions  in  the  lacrymal  region  of  marsupials. 

In  the  beaver-like  Phascolomys  (Fig.  74)  the  great  enlargement  of 
the  anterior  part  of  the  masseter  muscle  and  the  consequent  outgrowth 
and  dorsal  shifting  of  the  anterior  part  of  the  zygomatic  arch  has  crowded 
the  lacrymal  dorsad  and  conditioned  its  reduction  in  size.    The  tubercle 


Figs.  72  to  74.    Skulls  of  Diprotodont  Marsupials.    Class  Mammalia,  subclass 
Metatheria,  order  Marsupialia,  suborder  Diprotodontia. 

72.  Wynyardia  bcisnana.    Family  uncertain.    Tertiary  of  Table  Cape,  Tasmania.    After  Bald- 

win Spencer. 

73.  Macropua  sp.     Family  Macropodidffi. 

74.  Phascolomys  urainus.     Family  Phascolomyidse. 

for  the  attachment  of  the  palpebral  ligament  is  exceptionally  prominent. 
There  is  a  wide  contact  with  the  extremely  wide  nasals. 

The  lacrymal  region  of  Ccenolestes  is  well  shown  in  two  skulls  kindly 
loaned  by  Dr.  W.  H.  Osgood  (Field  Mus.  Nos.  18602, 18605).  In  general, 
the  nearest  resemblance  is  with  Perarneles,  but  the  lacrymal  is  smaller 
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and  has  a  less  well  defined  orbital  crest.  The  foramen  is  marp;inal.  The 
lacrymal  is  widely  separated  from  the  nasals  by  the  maxillo-frontal 
contact. 

In  Pakeothentes  irUermedius  (Fig.  65)  of  the  Santa  Cruz  formation 
(Sinclair,  1901,  PI.  lxiii,  fig.  3)  the  lacrymal  is  extended  vertically, 
forming  a  prominent  antorbital  rim.  It  is  in  contact  with  the  jugal 
below,  with  the  maxilla  in  front  and  with  the  frontal  above;  it  is  sep- 
arated from  the  spreading  nasal  by  the  fron to-maxillary  contact.  The 
lacrymal  of  Paheoihentes  is  thus  distinctly  more  primitive  than  that  of 
CoenolesteSj  as  it  is  more  extended  dorsally  and  forms  a  more  projecting 
antorbital  rim;  it  also  retains  a  little  of  the  pars  facialis  near  the  upper 
end. 

Thus  the  marsupials  as  a  whole  are  characterized  by  the  somewhat 
primitive  condition  of  the  lacrymal,  which  is  expanded  dorsally,  bears  a 
prominent  orbital  rim  and  primitively  has  a  small  or  moderate  pre- 
orbital  extension ;  the  foramen  is  primitively  marginal  but  a  second  extra- 
orbital  foramen  may  be  present.  The  fronto-maxillary  contact,  very 
small  in  many  opossums,  is  well  developed  in  many  advanced  types.  The 
proximal  ends  of  the  nasals  spread  widely  and  are  often  in  contact  with 
the  lacrymals.  The  primitive  contacts  with  the  frontal,  maxillary,  and 
jugal  are  retained;  contact  with  the  orbital  plate  of  the  palatine,  al- 
though retained  in  Didelphis,  Sarcophilus,  ThylacinuSy  and  Amphi- 
proviverra,  was  replaced  by  a  maxillo-palatine  contact  in  Phalangistaj 
Betiongiay  HalmaturuSy  and  Phascolomys, 

THE  LACRYMAL  REGION  IN  THE  PLACENTAL  ORDERS  OF  THE 
PALEOCENE,  EOCENE,  AND  LATER  EPOCHS 
After  a  long  hiatus  in  our  record  of  the  lacrymal  during  the  latter 
half  of  the  Age  of  Reptiles,  the  pakeontological  record  for  placental 
mammals  begins  in  the  Paleocene  of  Europe  and  North  America,  by 
which  time  most  if  not  all  of  the  placental  orders  had  become  well 
differentiated  from  each  other. 

Creodonta 

The  less  specialized  creodonts  have  always  been  recognized  as  being 
very  primitive  placental  mammals,  in  the  construction  of  the  dentition, 
of  the  skull,  and  of  the  skeleton. 

The  lacrymal  region  of  various  Middle  and  later  Eocene  creodonts 
has  been  described  by  Dr.  J.  L.  Wortman  (1901, 1902)  and  by  Dr.  W.  D. 
Matthew  (1907)  and  is  well  shown  in  some  exceptionally  well  preserved 
skulls  in  this  Museum. 
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In  the  very  primitive  Paleocene  Deltatherium  fundaminis  (Fig.  75) 
the  pattern  of  the  lacrjmaal  region  is  one  of  the  most  primitive  known 
among  placental  manunals.  The  lacrymal  forms  part  of  the  distinctly 
raised  anterior  rim  of  the  orbit  and  apparently  preserves  all  its  primitive 
contacts  with  smromiding  elements;  it  has  a  moderately  developed  pars 


76 


Lmnocym 


75 


Deltat/ierium 


Skulls  of  Creodonts.     Clasd  Mammalia,  subclass  Placentalia, 

Paleocene.  Torrejon 


Figs.  75,    76. 
order  Camivora. 

75.  D4Jbaihtrium  fundaminU.    Suborder  Procreodi,  family  Oxycbenids. 

formation,  New  Mexico. 

76.  Limnocyon  pUent.  Suborder  Pseudocreodi,  family  Oxytenidc.  Middle  Eocene,  Lower  Bridfer, 

Wyoming. 


facialis,  a  marginal  tubercle,  with  the  foramen  immediately  behind  it; 
there  is  a  good  fronto-maxillary  contact.  The  exposed  proximal  end  of 
the  nasals  is  narrow.  The  skuU  was  macrosmatic  with  heavy  muzzle, 
rather  small  orbits,  stout  zygomata  and  imexpanded  cranium.  The  eyes 
were  directed  outward  and  the  anterior  rims  of  the  orbits  were  looated 
above  m^ 

In  Ldmnoqjon  potens  Matthew  (Fig.  76)  of  the  family  Oxy»nid» 
essentially  identical  conditions  obtain,  except  that  the  pars  facialis  of 
the  lacrymal  is  perhaps  somewhat  larger.    Thinocyon  velox  Matthew  is  a 
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small  member  of  this  family,  in  which  the  lacrymal  r^on  is  essentiallj' 
similar.  The  maxillary  is  recessed  for  the  pars  facialis  and  the  lacrymal 
extends  well  dorsad.    The  anterior  edge  of  the  orbit  is  above  p*. 

Among  the  Hy»nodontidae  the  lacrjmaal  r^on  is  perfectly  shown  in 
a  beautif uDy  preserved  skull  of  Hycenodan  pancidens  Osbom  and  Wort- 


Figs.  77,  78.    SkullsofCreodonts  (continued). 

77.  Hytmodon  paucident.    Suborder  Pseudocreodi,  family  Hysnodontidse.    Middle  Oligocene, 

Oreodon  sone.  Lower  Brule  formation.     South  Dakota. 

78.  Hyanodon  horridiu.    Middle  Oligocene,  Oreodon  sone.  Lower  Brule  formation,  South  Dakota. 

man  (Fig.  77);  the  pars  orbitalis  is  expanded  dorsally;  the  pars  facialis 
is  large.  The  foramen  is  just  medial  to  the  tubercle.  The  vertical  plate 
of  the  palatine  has  the  normal  carnivore  connections  with  the  lacrymal 
and  maxilla.    In  Hycenodon  horridus  (Fig.  78)  the  lacrymal  region  is 
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similar,  save  that  the  pars  facialis  is  somewhat  more  extended.  In  Ap- 
terodon,  also,  the  pars  facialis  is  extended  but  the  orbits  are  not  well 
rimmed. 

Among  the  Mesonychid»  the  Middle  Eocene  Dromocyon  (Wortman, 
1901,  PI.  iv)  shows  a  very  primitive  condition  of  the  lacrymal  region. 
Possibly  in  connection  with  the  backward  position  of  the  orbit,  the 
lacrymal  is  large  and  bears  a  well-raised  ridge  to  form  the  anterior  rim 
of  the  orbit;  the  pars  facialis  is  of  moderate  extent;  the  foramen  is 
marginal.  All  the  normal  contacts  with  the  frontal,  maxillary,  and  jugal 
are  retained.  The  fronto-maxillary  contact  is  narrow  and  barely 
separates  the  lacrymal  from  the  spreading  nasal.  The  anterior  rim  of 
the  orbit  is  quite  far  back  above  m*.  On  the  whole,  this  is  perhaps  the 
most  marsupial-like  lacrymal  region  in  all  the  placentals.  In  the  Upper 
Eocene  HarpagoUstea  the  pars  facialis  is  widely  extended.  Thus  the 
wide  extension  of  the  pars  facialis,  as  in  the  later  Mesonychidae  and 
HyaenodontidsB,  is  probably  a  progressive  character,  while  the  ancestral 
creodonts  of  the  Upper  Cretaceous  may  well  have  had  only  a  moderately 
developed  pars  facialis  as  in  DeUatherium. 

The  extension  of  the  pars  facialis  probably  implies  in  the  creodonts, 
as  it  does  in  the  artiodactyls,  that  the  inner  canthus  of  the  eye  was 
extended  forward,  together  with  the  orbicularis  palpebrarum,  preorbicu- 
laris  dorsalis  and  p.  ventralis  muscles.  .This  would  cause  the  eyes  to 
be  directed  widely  outward  in  contrast  with  the  more  forwardly  directed 
eyes  of  fissipede  carnivores. 

Fissipedia 

The  lacrymal  of  the  typical  Fissipedia  contrasts  widely  with  the 
above  described  conditions  in  the  creodonts,  since  it  has  Uttle  or  no  pre- 
orbital  extension,  the  whole  bone  is  never  very  large,  and  sometimes  (as 
in  jEluruSy  Fig.  81)  is  reduced  almost  to  a  vestige,  which  is  crowded  into 
the  antero-intemal  corner  of  the  orbit  and  lacks  its  primitive  dorsal 
extension.  The  lower  anterior  border  of  the  orbit  is  often  formed 
chiefly  by  the  jugal  and  the  maxillary.  This  condition  is  correlated  in 
part  with  the  forwardly  directed  position  of  the  eyes  in  modem  carnivores. 
When  the  true  lacrymal  tubercle  is  reduced  or  absent  as  in  Lvira  (Fig. 
96),  a  substitute  is  developed  from  the  maxilla. 

At  least  the  more  advanced  Miacidae  of  the  Eocene  relate  as  clearly 
to  the  Fissipedia  in  the  lacrymal  region  as  they  do  in  the  dentition.  In 
Vvlpavus  (Fig.  79)  the  lacrymal  is  much  smaller  than  in  the  contemporary 
Creodonta  Inadaptiva  and  has  only  a  small  pars  facialis  which  does  not 
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Vulpauu>s  pro7ectu>s  ^  ^       Dafiha 

Figs.  79  to  82.    Skulls  of  Carnivora. 

79.  VuZpawM   profectu*.    Suborder  Eucreodi,   family   Miacidse.      Middle   Eocene,   Orohippus 

xone.  Lower  Bridger,  Bridger  basin,  Wyoming. 

80.  Daphmnu*  sp.    Suborder  Arctoidea,  family  Canidee.    Middle  Oligocene,  Oreodon  zone,  Brule 

formation,  South  Dakota. 

81.  JSlunu  ftdgtn:    Suborder  Arctoidea,  family  Procyonids. 

82.  UrtuM  amerieanua.    Suborder  Arctoidea,  family  Urside. 
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Bassar/sciis  as^ata 


'Ao  /fSJ-y  A  M. 


Figs.  83  to  85.    Skulls  of  Procyonidae.    Subclass  Placentalia,  order  Caraivora, 
fuborder  Arctoidea. 

83.  BaMariicui  astiUa. 

84.  Phlaocyon  leucoateua.   Lower  Miocene,  Promeryoochoenu  xone,  Martin  Cafion  beds,  Colorado. 

85.  Procyon  hemandezi. 
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extend  beyond  the  anterior  limit  of  the  jugal.  The  foramen  is  just 
behind  the  low  anterior  rim  of  the  orbit.  The  anterior  rim  of  the  orbit 
lies  above  the  fourth  upper  premolar  in  VidpavuSf  as  it  does  also  in  the 
creodonts,  Thitiocyon,  Ldmnocyony  Apterodon,  and  Hymnodon.  Hence 
we  cannot  ascribe  the  contrasting  condition  of  the  lacrymal  in  Vulpavus 
and  these  creodonts  to  any  assumed  differences  in  the  position  of  the 
orbits  with  reference  to  the  upper  jaw. 

Viverravus  minulus  Matthew  is  a  very  small  insectivore-like 
miacid  with  a  long  cylindrical  skull,  very  slender  zygomata  and  no  orbital 
ridges.  It  shows  how  typical  carnivores  may  give  rise  to  insectivore-like 
types.   The  lacrymal  region  seems  to  be  normal. 

In  Cynodictis  of  the  Canidse  the  pars  facialis  is  greatly  reduced  and 
the  same  is  true  of  many  other  Tertiary  and  modern  fissipeds.  In  this 
and  other  primitive  Canid®,  e.  g.  Daphcenus  (Fig.  80),  the  lacrjmaal  has 
a  dorsal  process  which  forms  part  of  the  orbital  rim,  and  similar  condi- 
tions are  retained  in  the  very  primitive  genus  BassariHcus  (Fig.  83)  of 
the  Procyonidae.  In  Phlaocyon  (Fig.  84),  Procyon  (Fig.  85),andA^asiia 
the  small  orbital  rim  of  the  lacrymal  bears  a  small  bead-like  tubercle. 
In  Cercoleptes  the  lacrymal  is  very  small  and  in  blunts  (Fig.  81)  it  is 
vestigial.  The  last  two  genera  also  show  similar  relations  of  the  jugal 
and  maxilla  in  this  r^on.  In  ^luropus,  according  to  Lankester's 
plates  (1901),  the  lacrymal,  if  present  at  all,  must  be  very  small  and 
confined  to  the  inner  wall  of  the  orbit,  as  it  is  in  ^Iutils  and  Ursvs, 

In  the  Ursidae  (cf .  Fig.  82)  the  lacrymal  is  much  reduced,  sometimes 
ahnost  vestigial,  and  has  usually  been  withdrawn  entirely  from  the 
anterior  rim  of  the  orbit  to  the  medial  surface  of  the  large  lacrymal  duct. 
It  is  thus  more  or  less  widely  separated  from  the  jugal  by  the  maxilla, 
which  has  usurped  the  place  of  the  lacrymal,  and  often  bears  a  tubercle 
for  the  tarsal  ligament.  The  lacrymal  in  this  family,  like  other  vestigial 
structures,  is  more  or  less  variable  in  form  and  position.  For  example, 
on  the  left  side  of  a  skull  of  Ursiis  malayamis  (Amer.  Mus.  No.  296) 
the  lacrymal  sends  a  thin  flange  forward  and  outward  to  the  anterior 
margin  of  the  orbit;  on  the  right  side  it  lacks  this  flange  and  is  restricted 
to  the  medial  wall  of  the  lacr3anal  tunnel.  In  one  specimen  of  Ursus 
horribilis  alexandroe  (Amer.  Mus.  No.  16702)  the  lacrymal  on  the  left 
side  appears  to  have  a  considerable  dorsal  extension  on  the  inner  wall  of 
the  orbit.  In  the  skull  of  a  Polar  Bear  ( Ursus  maritimusy  Amer.  Mus.  No. 
19259)  the  very  small  lacrymal  is  excluded  from  contact  with  the  palatine 
by  a  process  of  the  maxilla,  and  the  same  is  true  in  U.  malayanus  (Amer. 
Mus.  No.  296).  But  at  least  in  certain  skulls  of  Ursm  americanus  (Fig. 
82)  and  Ursm  horribilis  the  lacrymal  is  in  contact  with  the  palatine. 
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Constant  features  of  the  Ursidae  are  the  great  forward  extension  of 
the  palatine  on  the  inner  wall  of  the  orbit  and  the  presence  of  a  large 
foramen  or  tunnel,  usually  between  the  palatine  and  the  lacrymal  and 


Figs.  86  to  88.     Skulls  of  VivemdsR.    Subclass  Placentalia,  order  Camivora,  sub- 
order iEluroidea,  family  Viverridae. 

inmiediately  behind  the  lacrymal  foramen.  This  tunnel,  like  the  last- 
named  structure,  leads  downward  into  the  nasal  chamber  and  at  first 
looks  like  a  second  lacrymal  foramen,  but  it  is  sometimes  subdivided 
(e.  g.,  [/.  mariiimus,  Amer.  Mus.  No.  19259)  into  several  openings,  which 
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are  possibly  for  branches  of  the  internal  maxillary  artery.  A  very 
similar  opening  is  present  in  the  same  location  in  the  Canidae.  Indeed, 
the  whole  inner  wall  of  the  orbit  in  the  Ursidae  presents  several  points  of 


Figs.  89  to  91.    Skulls  of  Viverridse  (continued). 

resemblance  with  the  conditions  observed  in  CaniSy  Mustelaj  and  jElurus, 

In  the  more  primitive  genera  of  the  Viverridse  (CrossarchuSy  Fig. 

86,  Ichneumia,  Fig.  87),  the  lacrymal  itself  bears  the  tubercle  and  has  a 

small  pars  facialis.     Remnants  of  this  condition  are  found  in  other 
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Figs.  92  to  94.    Skulls  of  Mustelida.    Subclass  Placentalia,  order  Camivora,  sub- 
order Arctoidea,  family  Mustelids. 
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FigB.  96  to  98.     Skulls  of  Mustelidse  (continued). 
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Viverridfie  (Fig.  90)  and  Felidse  and  to  some  extent  in  the  Hyaenidae. 
In  Genetta  victorice  (Fig.  89)  the  lacrymal  is  much  reduced  and  the 
maxilla  usurps  its  place  on  the  anterior  rim  of  the  orbit.  Mongos 
(Fig.  88)  is  remarkable  for  the  vestigial  condition  of  the  jugal,  which  is 
functionally  replaced  by  the  maxilla.  In  Cryptoprocia  (Fig.  91)  the 
tubercle  is  borne  by  the  maxilla. 

In  the  Mustelidse,  Mustela  (Fig.  95)  and  the  young  Meles  (Fig.  92) 
have  a  fair-sized  lacrymal  bearing  a  small  tubercle  on  the  antorbital  rim. 
In  Taxidea  (Fig.  94),  which  is  a  very  different  genus  from  Meles,  the 
antorbital  rim  is  chiefly  made  from  the  maxillary;  the  same  is  true  of 
most  of  the  other  Mustelidse  in  which  the  facial  part  of  the  lacrymal  is 
very  small.  In  Lutra  (Fig.  96)  and  Latax  (Fig.  98)  the  antorbital  rim 
of  the  maxillary  is  sharply  ridged  for  the  orbit  and  the  lacrymal  is 
extended  anteroposteriorly  on  the  inner  wall  of  the  orbit.  In  these 
characters,  as  in  many  others,  the  otters  relate  to  the  skunks  (cf.  Fig.  97). 

Thus  in  most  modem  Fissipedia  the  lacrymal  tends  to  be  reduced 
and  withdrawn  from  the  anterior  rim  of  the  orbit  to  its  inner  surface, 
while  the  maxillary  usurps  the  place  of  the  lacrymal  and  forms  the 
tubercle.  The  orbital  plate  of  the  palatine  is  enlarged,  often  crowding 
the  lacrymal  forward  to  the  corner  of  the  orbit. 

Pinnipedia 

The  most  primitive  known  condition  of  the  lacrymal  in  this  group 
is  found  in  the  Otariidae  (cf .  Fig.  99) ;  here  the  lacrymal  is  a  thin  sliver 
of  bone,  extended  more  or  less  transversely  on  the  prominent  anterior 
wall  of  the  orbit  and  ending  laterally  in  a  very  projecting  tubercle,  the 
front  face  of  which  is  composed  largely  of  a  spur  from  the  maxilla. 
The  latter  forms  the  anterior  rim  of  the  orbit  below  the  tubercle  and 
widely  separates  the  lacrymal  from  the  jugal.  Possibly  the  separation 
of  these  two  elements  is  due  to  the  great  enlargement  of  the  orbit  which 
has  dragged  the  jugal  outward  and  backward.  The  lacrymal  is  also 
widely  separated  from  the  palatine,  the  orbital  plate  of  which  is  mem- 
branous, leaving,  in  the  dried  skull,  a  large  vacuity  in  the  side  of  the 
brain-case,  and  exposing  the  vomer  and  the  maxillo-turbinals.  The 
vacuity  in  question  extends  forward  between  the  frontal  and  the  maxilla 
to  the  posterior  border  of  the  lacrymal.  The  latter  co-operates  with  the 
maxilla  and  the  frontal  in  covering  the  posterior  extension  of  the  greatly 
enlarged  maxillo-turbinals,  which  appear  to  have  obUterated  the  maxil- 
lary antrum,  and  to  have  encroached  upon  the  ethmo-turbinals,  which 
in  this  group  are  greatly  reduced.  The  lacrymal  itself  is  imperforate, 
and  apparently  the  lacrymal  duct  is  absent. 
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In  a  ver>'  young  Atlantic  walrus  (Odobcmus  rosmarusj  Amer.  Mus. 
No.  35159,  Fig.  100)  an  apparent  vestige  of  the  lacrymal  is  represented 
by  an  extremely  thin  sliver  of  bone  covering  the  maxillo-turbinals  on 


Figs.  99  to  100.     Skulls  of  Pinnipedia.    Subclass  Placentalia,  order  Carnivora, 
suborder  Pinnipedia. 

99.    Eumeiapiat  stdUri.    Family  Otariids. 
100.    Odobctnus  rotmarus.     Family  Odobsnidsp. 

the  inner  wall  of  the  orbit  between  the  frontal  and  the  maxilla.  The 
ven-  large  projecting  tubercle  is  borne  by  the  maxilla.  The  whole  con- 
formation of  the  lacrymal  and  orbital  region  is  fundamentally  the  same 
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as  in  the  Otariidae,  and  testifies  to  the  relatively  close  relationship  of 
these  two  families,  which  is  already  established  by  other  evidence.^ 

In  all  the  Phocidae  the  orbits  are  very  large  and  the  lacrymal  is 
apparently  absent,  at  least  as  a  bony  element;  but  its  former  site  may  be 
indicated  by  a  vacuity  on  the  inner  wall  of  the  orbit  between  the  frontal 
and  the  maxilla.  In  the  dried  skull  this  vacuity  partly  exposes  the 
maxillo-turbinals.  The  whole  appearance  qf  this  region  recalls  the  above- 
described  conditions  in  the  walrus,  in  which  the  orbital  plate  of  the 
maxiUo-turbinal  is  covered  by  the  vestigial  lacrymal.  The  tubercle, 
when  developed  {Erignathiis  barbcUus,  Phoca  groenlandicay  Cystopkora 
cristcUay  etc.),  is  homed  by  the  maxilla.    The  lacrymal  duct  is  absent. 

As  a  whole,  the  orbital  region  of  the  Phocidse  suggests  that  this 
family  is  a  specialized  offshoot  of  the  walrus-furseal  stem,  a  conclusion 
which  is  strongly  reinforced  by  the  evidence  of  other  parts  of  the  skull, 
such  as  the  auditory  and  olfactory  regions. 

The  reduction  and  final  disappearance  of  the  lacrymal  in  this  sub- 
order are  doubtless  more  or  less  correlated  with  the  great  enlargement  of 
the  maxillo-turbinals,  and  the  loss  of  the  lacrymal  duct. 

The  evidence  suggests  that  the  Pinnipedia  sprang  from  some  group 
of  Camivora  in  which  the  facial  part  of  the  lacrymal  had  already  been 
lost,  but  the  lacrymal  still  formed  part  of  the  anterior  rim  of  the  orbit 
and  bore  a  normal  tubercle  as  it  does  in  the  more  primitive  Fissipedia. 

Cetacea 

The  morphology  of  the  lacrymal  of  Cetacea  will  be  more  intelligible 
if  considered  in  connection  with  the  general  evolution  of  the  facial  part 
of  the  skull  in  this  order. 

All  recent  work  strengthens  the  conservative  conclusion  that  the 
extinct  Arch»oceti  were  real  cetaceans,  and  not,  as  some  have  held, 
pseudo-cetaceans,  the  product  of  convergent  evolution.  In  the  most 
primitive  stage  of  the  Archseoceti,  Protocetiis  atavus  Fraas  from  the  Lower 
Tertiary  of  Egypt,  the  skull  already  foreshadows  the  more  typical 
archaeocete  type.  The  rostrum  is  elongate,  the  orbital  plate  of  the 
frontals  is  widened,  and  the  anterior  nares  are  beginning  their  shift 
dorsad.  Even  Zeitglodon  itself,  though  belonging  to  an  extinct  side  line, 
shows  the  following  significant  skull  characters.  The  skull,  as  seen 
from  above,  is  roughly  triangular,  with  widely  projecting  zygomatic 
processes  of  the  squamosals  and  slender  jugals.  The  rostrum  is  mod- 
erately elongate,  with  the  anterior  nares  dorsal  in  position,  but  stiU 
well  in  front  of  the  eyes.  The  eyes  are  concealed  from  above  by  a  broad, 
rajbher  flat  expanse  of  the  frontals.    The  frontal  processes  of  the  maxilke 

JAmer.  Journ.  Sci..  XXI.  pp.  444-450. 
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Figs.  101  to  103.    SkuUs  of  Cetacea.    Subclass  Placentalia,  order  Cetacea. 

101.  Prozeuglodon  atrox.    Suborder  Archeoceti.  family  Zeuglodontidte.    Upper  Eocene,  Birket-el- 

Qurun  beds,  Fayilm,  Egypt.     After  Anorews. 

102.  Mfoplodon  grayi.    Suborder  Odontoceti,  family  Ziphiidse. 

103.  BaUenopteraboreiUvi.    Suborder  Mystacoceti,  family  Balsnopteride.     After  Schulte. 
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are  very  wide,  but  do  not  yet  overlap  the  orbits.  The  lacrymal  of 
Prozeuglodon  (Fig.  101)  (as  figured  by  Andrews,  1906,  PL  xxi)  recalls 
the  type  of  the  inadaptive  creodonts,  as  it  has  a  well-developed  pars 
faciaUs  and  retains  its  normal  contacts  with  the  maxilla,  jugal,  palatine, 
and  frontal.  At  this  stage  the  lacrymal  still  forms  the  anterior  rim  of  the 
orbit. 

In  the  Upper  Oligocene  PatriocetuSy  which  is  regarded  by  Abel 
(1914,  p.  88)  as  an  ancestral  mystacocete,  the  dentition,  as  figured  in 
AbePs  reconstruction,  is  of  archseocete  type,  but  the  wide  skull  plainly 
approaches  that  of  the  more  primitive  mystacocetes.  The  anterior 
nares  are  more  dorsal,  the  narial  channel  between  the  elongate  pre- 
maxillse  exi>oses  the  vomer  in  the  dorsal  view.  The  orbital  plate  of  the 
frontal  is  not  far  in  advance  of  the  stout  zygomatic  process  of  the  squa- 
mosal, and  the  small  orbit  is  just  above  the  level  of  the  long  sloping 
ascending  ramus  of  the  mandible.  The  maxillo-frontal  contact  is  wide 
and  apparently  conceals  the  lacrymal  in  the  side  view  of  the  skull. 

The  skull  of  the  Miocene  Cetotherium  (Abel,  1914,  p.  91),  a  primitive 
balffinopterid,  may  readily  be  derived  from  the  Patriocetus  type  by  the 
great  enlargement  of  the  mouth  and  jaws,  the  loss  of  the  teeth,  the  down- 
growth  of  baleen  plates  from  the  palate,  and  the  subsequent  arching  of 
the  rostnmi.  The  dorsad  shifting  of  the  nares  is  now  virtually  complete, 
as  well  as  the  backward  and  upward  growth  of  the  maxillae  and  the  back- 
ward shifting  of  the  orbits,  the  postorbital  process  of  the  frontal  being 
in  contact  with  the  massive  zygomatic  process  of  the  squamosal.  In 
the  foetal  BcUcena  japonica,  as  figured  by  Eschricht  (Weber,  1904,  p. 
555),  and  in  the  foetal  Balcenoptera  borealis  (Fig.  103),  as  figured  by 
Schulte  (1916,  Pis.  liv,  lv),  the  imperforate  lacr3m[ial  is  reduced  to  a 
long  sliver  of  bone,  which  is  pressed  between  the  frontal  process  of  the 
maxilla  and  the  orbital  apophysis  of  the  frontal.  In  spite  of  the  down- 
ward and  outward  prolongation  of  the  orbit,  the  lacrymal  retains  its 
primitive  contacts  at  least  with  the  frontal,  the  maxilla,  and  the  slender 
jugal. 

The  relations  of  the  lacrymal  with  the  jugal  in  the  odontocetes 
have  been  used  as  a  diagnostic  character  by  Flower  (1866),  who  con- 
cluded that  among  existing  cetaceans  the  lacrymal  is  a  free  element 
only  in  the  Ziphiinge,  while  in  the  Physeterinse,  as  well  as  in  the  Del- 
phinidse  and  the  Platanistidse,  it  is  usually  fused  with  the  jugal.  Abel 
(1902,  p.  150),  however,  noted  that  in  Beluga  of  the  Delphinidae,  as 
well  as  in  the  Miocene  Eurhinodelphis,  the  lacrymal  is  sometimes  distinct 
from  the  jugal  in  young  skulls. 
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The  general  relations  of  the  lacrymal  in  the  odontocetes  seem  to 
have  been  foreshadowed  in  the  extinct  Squalodontidse,  in  which  the 
supraorbital  region  is  fundamentally  like  that  of  the  Ziphiinse.  In 
dentition  and  skull  characters  the  Squalodontidae  tend  to  connect  the 
physeterid  odontocetes  with  the  archseocetes  (Abel,  1914,  pp.  86,  92-94). 

In  existing  odontocetes  the  most  complete  and  primitive  condi- 
tion of  the  lacrymal  is  seen  in  the  Ziphiinse.  In  a  young  Mesoplodon 
grayi  (Amer.  Mus.  No.  42264j  Fig.  102)  the  lacrymal  is  a  flattened  bone 
King  beneath  the  expanded  orbital  plates  of  the  frontal  and  maxillae, 
and  forming  part  of  the  roof  of  the  orbit;  laterally  it  forms  the  anterior 
part  of  the  rim  of  the  orbit  and  is  in  contact  with  the  anterior  end  of 
the  jugal,  with  the  maxilla,  the  frontal,  the  palatine,  and  the  pterygoid. 

In  Ziphius  cavirosiris,  according  to  Keman  (1918,  p.  374),  the 
lacrymal  is  a  rather  massive  disc-like  bone  on  the  roof  of  the  orbit,  in 
contact  with  the  maxilla,  the  jugal,  the  frontal,  the  palatine,  and  the 
pterygoid.  It  is  pierced  by  a  canal  and  a  fissure  which,  Dr.  Kernan 
suggests,  probably  represent  the  lacrymal  canal  of  other  mammals. 

In  Kogia  breviceps,  of  the  family  Physeteridae,  Schulte  (1917,  p. 
390)  states  that  "it  has  been  open  to  question  whether  the  jugal  might 
not  have  disappeared  and  the  element  so  named  be  really  interpreted  as 
lachrymal,  or  perhaps  as  lachrymal  and  malar,  with  the  zygomatic 
process  of  the  latter  reduced  to  a  ligament.  In  a  dissection  of  a  new-born 
Kogia^  a  perfectly  definite  ligamentous  arch  was  present  connecting  the 
tip  of  the  malar  to  the  zygomatic  process  of  the  squamosal.  Very 
fortunately  the  skull  of  the  calf  on  the  left  side  has  a  separate  malar 
and  lacrymal,  the  latter  nasal  in  position  and  interposed  between  the 
maxilla  and  the  frontal.  It  is  evident,  therefore,  that  the  usual  elements 
are  present  but  that  the  zygomatic  process  of  the  malar  has  been  reduced 
so  that  it  no  longer  appears  as  bone.**  The  lacrymal  of  this  animal  is 
overlaid  by  the  frontal  and  by  the  maxilla;  it  also  articulates  with  the 
malar. 

If  it  be  considered  remarkable  that  the  lacrymal  should  persist  at 
all  in  these  excessively  specialized  skulls,  it  may  be  suggested  that  this 
element  has  been  sheltered,  as  it  were,  by  the  overlying  orbital  plates 
of  the  frontal  and  of  the  maxilla,  so  that  even  in  Kogia,  when  the  rostrum 
became  greatly  shortened  and  the  maxillae  and  premaxillae  grew  even 
further  upward  to  support  the  enormous  nasal  chamber,  the  lacrymals 
retained  their  sheltered  place  beneath  these  elements  on  the  roof  of  the 
orbits,  although  in  this  genus  they  have  been  crowded  away  from  the 
supraorbital  margin  by  the  secondary  enlargement  of  the  jugal. 
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f^oterix  loomisi 


Figs.  104  to  108.     Skulls  of  lipotyphloub  Insectivores.     Subclass  Placentalia, 
order  Insectivora,  suborder  Erinaceoidei, 

104.  Ictopa  dakotensis.    Family  Leptictidae.     Middle  Oligocene,  OreodonXsone,   Lower    Brule 

formation,  South  Dakota. 

105.  Proterix  loomisi.     Family  Erinaceidee.     Middle  Oligocene,  Oreodon  tone,     Lower    Brule 

formation,  South  Dakota. 

106.  Oymnura  rafflesi.     Family  Erinaceidse. 

107.  Erinaceus  (Atelcrix)  langt.     Family  Erinaceidie. 

108.  Erinaceus  europctua.     Family  Erinaceidee. 
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Insectivora  (Lipotyphla) 

The  true  Insectivora  (Lipotyphla)  may  be  conceived  either  as  the 
rather  highly  modified  descendants  of  some  of  the  Mesozoic  Trituberc- 
ulata  or  as  merely  dwarfed  and  d^enerate  Pro-camivora.  Possibly 
there  may  be  some  truth  in  both  views.  At  any  rate,  the  Zalambdodonta, 
which  are  perhaps  the  most  archaic  members  of  the  series,  are  evidently 
d^enerate  and  retrogressive  in  the  lacrymal  region  as  will  be  shown 
below.  Very  probably  the  most  primitive  lacrymal  region  is  preserved 
in  the  Eocene  and  Oligocene  Leptictida?  (Figs.  104, 105).  The  skull,  as  is 
usual  in  primitive  manmials,  is  macrosmatic,  with  expanded  ethmoid 
r^on;  the  lacrymal  forms  parts  of  the  anterior  rim  of  the  orbit,  with  a 
marginal  tubercle  and  the  foramen  just  medial  to  it.  The  lacrymal  has  a 
somewhat  dorsal  position,  perhaps  as  a  result  of  the  expansion  of  the 
infraorbital  canal  for  the  ramus  maxillaris  of  the  trigeminal  nerve,  which 
is  commonly  enlarged  in  animals  with  a  highly  sensitive  snout.  In 
Proterix  loomisi  Matthew  (Fig.  105)  the  lacrymal  begins  to  resemble  that 
of  Erinaceua  (Figs,  107,  108)  as  described  below.  In  the  existing  Gym- 
nwra  (Fig.  106)  the  ridge  on  the  outer  border  of  the  lacrymal  that  forms 
the  anterior  rim  of  the  orbit  is  sharply  defined  and  separates  the  eye  and 
its  muscles  from  the  area  for  the  naso-labialis  and  scutularis  muscle, 
which  is  well  defined  in  front  of  the  eye*.  The  marginal  foramen  opens 
partly  outward.  The  jugal  is  a  small  element  in  the  middle  of  the  zygo- 
matic arch  and  is  widely  separated  from  the  lacrymal. 

In  Erinaceus  (Figs.  107,  108)  that  part  of  the  maxilla  which  forms 
the  bridge  over  the  infraorbital  canal  becomes  further  enlarged  at  the 
expense  of  the  lacrymal  and  the  jugal,  which  are  widely  separated  by  it 
from  each  other.  The  lower  part  of  the  lacrymal  fuses  with  this  bridge 
but  the  suture  is  evident  in  a  very  young  skull  of  Erinaceus,  The  fora- 
men still  perforates  the  lacrymal,  but  now  opens  laterally  rather  than 
posteriorly.  The  dorsally  expanded  orbital  plate  of  the  lacrymal  covers 
the  greatly  enlarged  dorsal  ethmo-turbinate.  The  lacrymal  is  excluded 
from  contact  with  the  palatine  by  the  maxillary.  The  fronto-maxillary 
contact  is  wide  and  the  exposed  proximal  ends  of  the  nasals  are  narrow. 

The  lacrymal  region  in  PalcBorydes  puercensis  Matthew  (1913),  the 
Paleocene  representative  of  the  zalambdodont  Insectivora,  is  not  known. 

In  Nesophontes,  a  primitive  zalambdodont  of  Porto  Rico  and  Cuba 
recently  described  by  H.  E.  Anthony  (1918),  the  skull  as  a  whole  much 
resembles  that  of  a  yoimg  Solenodoriy  except  for  the  more  primitive 

iSee  the  dissections  in  Bofts  and  Paulli  (1908.  PI.  ii). 
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character  of  the  dentition  and  the  greater  length  of  the  basicranial  region. 
As  in  Solenodon,  the  lacryinal  is  probably  fused  in  the  adult  with  the 
surrounding  elements.  The  well-developed  lacrymal  foramen  is  marginal, 
immediately  above  and  behind  the  large  infraorbital  foramen.  In  the 
modern  Centetes  (Fig.  109)  the  lacrymal  region  is  rather  specialized.  The 
animal  is  highly  macrosmatic  and  the  region  covering  the  ethmo- 
turbinals  is  expanded  and  cylindrical;  the  anterior  processes  of  the 
frontals  extend  far  forward  over  the  maxillae  and  widely  separate  the 
narrow  coossified  nasals  from  the  lacrymal.  The  latter  has  been  dis- 
placed dorsad  through  the  marked  enlargement  of  the  infraorbital  canal 
of  the  maxillary,  which,  as  in  Gymnura,  appears  to  indicate  a  great 
development  of  the  superior  maxillary  nerve.  The  maxillary  has  also 
encroached  upon  the  orbital  plate  of  the  palatine  which  is  reduced  in 
size.  The  lacrymal  itself  has  contact  laterally  only  with  the  maxillary 
bridge  over  the  infraorbital  canal,  which  to  some  extent  functionally 
replaces  the  absent  jugal.  The  orbital  surface  of  the  lacr>'mal  is  flatly 
expanded  without  spine  or  crest;  the  foramen  is  located  at  the  anterior 
border  of  the  lacrymal  and  opens  laterally.  There  is  technically  little 
or  no  pars  facialis,  since  the  lacrymal  is  not  extended  in  front  of  the 
orbit.    The  eyes  are  veiy  small  and  face  outward. 

In  Microgale  and  Echinops  the  lacrymal  region  appears  essentially 
the  same  as  in  Centetes.  In  Hemicentetes  the  lacrymal  is  covered  by  the 
ascending  process  of  the  maxilla. 

In  Solenodon  (Fig.  110)  the  small,  dorsally  displaced  lacrymal  is 
widely  extended  on  the  inner  wall  of  the  orbit;  the  large  foramen  pierces 
its  anterior  end.  The  region  as  a  whole  is  essentially  like  that  of  Centetes. 
Accordingly,  it  may  be  said  that  the  lacrymal  region  of  the  Centetidse 
is  especially  characterized  as  follows:  (1)  by  the  encroachment  of  the 
maxillary,  which  crowds  the  lacrymal  dorsad  above  the  enlarged  infra- 
orbital canal;  (2)  by  the  forward  growth  of  the  frontals,  covering  the 
proximal  end  of  the  nasals  and  widely  separating  them  from  the  lacry- 
mal; (3)  by  the  reduction  of  the  eyes,  causing  the  loss  of  an  orbital  rim 
and  of  the  lacrymal  tubercle;  (4)  by  the  expansion  and  cylindrical  form 
of  the  ethmoid  region,  causing  the  anteroposterior  flattening  of  the 
lacrymal  against  the  inner  wall  of  the  orbit. 

In  Potamogale  (Fig.  Ill)  the  infraorbital  bridge  of  the  maxillary  is 
further  enlarged  and  extends  still  higher  up  on  the  side  of  the  face.  The 
lacrymal  foramen  is  vestigial  and  the  lacrymal  itself  is  vestigial  or 
absent.    The  orbital  plate  of  the  palatine,  however,  is  not  reduced. 
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In  TalpOf  according  to  W.  K.  Parker's  figures  (1885)  of  a  young 
skull,  the  small  lacrymal  is  separated  from  the  nasals  by  the  wide 
fronto-maxillary  contact.    The  lacrymal  is  closely  appressed  to  the  side 
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Figs.  109  to  111.    Skulls  of  Zalambdodont  Insectivores.    Subclass  Placentalia, 
order  Insectivora,  suborder  Centetoidea  (Zalambdodonta). 

109.  CentelM  ecatidattu.    Family  Centetidv. 

110.  SoUnodon  paradoxus.     Family  Solenodontide. 

111.  PotamogaU  velox.     Family  PotamogalicUe. 

of  the  face  and  the  lacrymal  foramen  has  shifted  forward  and  lies  between 
the  maxilla  and  the  anterior  process  (pars  facialis)  of  the  lacrymal.  In 
an  embryo  Sorex  the  small  lacrymal  Ues  behind  the  emarginate  ascend- 
ing process  of  the  maxilla  (op,  cit,y  PI.  xxxi). 

In  Pantolestes  natans  Matthew  (1907,  1918),  which  is  referred  by 
Dr.  Matthew  to  the  Insectivora,  the  lacrymal  itself  is  not  preserved  but 
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the  infraorbital  is  expanded  as  in  many  insectivores  and  the  lacrymal 
was  probably  small  and  somewhat  displaced  dorsad.  There  is  a  wide 
f ronto-maxillary  contact  and  the  exposed  proximal  end  of  the  nasals  is 
tapering. 

Thus  the  lacrymal  region  of  the  true  Insectivora  exhibits  two  prin- 
cipal types.  First,  and  most  primitive,  is  that  of  the  Leptictidse,  in 
which  the  lacrymal  takes  part  in  the  anterior  rim  of  the  orbit;  it  bears 
a  distinct  tubercle  and  has  a  small  pars  facialis  above  the  lacrymal 
foramen,  which  is  marginal  in  position;  the  erinaceid  type  of  lacrymal  is 
derived  directly  from  this  by  the  reduction  of  the  pars  facialis.  The  sec- 
ond type  is  exhibited  in  the  zalambdodonts,  including  Nesophontes,  in 
which  the  lacrymal  is  appressed  to  the  inner  wall  of  the  orbit  and  is  ex- 
tended dorso-caudally  above  the  enlarged  infraorbital  canal;  the  large 
lacrymal  foramen  is  marginal;  there  is  no  tubercle  and  the  maxilla  is 
deeply  notched  for  the  reception  of  the  lacrymal.  Similar  but  more 
reduced  types  of  lacrymal  occur  in  Talpa  and  Sorex.  In  Potamogale 
(Fig.  Ill)  the  lacrymal  is  wanting. 

Tfleniodonta  (Ganodonta) 

Onychodedes  (Fig.  112),  a  very  primitive  member  of  the  Paleocene 
Conoryctidae,  has  a  long,  more  or  less  tubular  macrosmatic  type  of  skull 
which  recalls  that  of  primitive  Insectivora.  There  are  no  distinct  post- 
orbital  processes  on  the  frontals;  the  lacrymal  was  on  the  anterior  rim 
of  the  orbit.  The  sutures  are  not  clear;  a  double  tubercle  on  the  upper 
part  of  the  anterior  rim  of  the  orbit  marks  the  point  of  attachment  of 
the  palpebral  Ugament  and  was  apparently  borne  by  the  lacrymal.  The 
lacrymal  foramen  was  below  this  ridge  and  within  the  margin  of  the 
orbit,  as  in  all  other  primitive  placental  mammals.  On  the  whole,  the 
lacrymal  region  recalls  that  of  the  Leptictidae. 

In  the  specialized  genus  PsiUacotherium  the  position  and  limits  of 
the  IsLcrymsA  are  not  clear.  The  facial  portion  of  the  skull  has  been 
described  by  Dr.  Wortman  (1897,  pp.  72,  74)  as  follows: 

In  the  skull  (Fig.  4)  the  facial  portion  is  seen  to  be  short  and  deep,  the  sagittal 
crest  short  and  inconspicuous,  and  there  is  but  a  faint  indication  of  poetorbital  pro- 
cesses upon  the  frontals.  The  anterior  root  of  the  zygoma  is  situated  well  forward; 
it  has  a  considerable  vertical  depth  and  projects  outwards,  downwards,  and  back- 
wards. In  front  of  and  below  the  zygomatic  root  is  a  shallow  fossa,  at  the  upper  ex- 
tremity of  which  is  the  anterior  opening  of  the  infraorbital  canal,  which  is  double. 
Leidy  describes  two  foramina  in  this  situation  in  Megalonyx  (Fig.  5),  and  it  is  not  an 
infrequent  occurrence  for  this  foramen  to  be  double  in  the  modem  sloth.  In  Psitta- 
cotherium  the  main  canal  is  below  and  the  smaller  one  above.  Both,  however,  are 
placed  unusually  high  on  thfe  face.  No  evidence  of  a  distinct  lachrymal  is  to  be  seen. 
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Figs.  112  to  117.    Skulls  of  Edentates.    Subclass  Placentalia,  order  Edentata. 

112.  OnycKodedtn  H$»onenM.    Suborder  TnniodoDta,  family  Conoryctide.     Paleocene,   Poly- 

mmstodon  sone,  Puerco  formation.  New  Mexico. 

113.  Stegotherium  teMdatum.    Family  Dasypodids.    Middle  (?)  Miocene,  Santa  Crui  formation, 

Patagonia.    After  Scott. 

114.  Datyftu*  Mxeinctut.    Suborder  Xenarthra,  family  Dasypodidsp. 

115.  Tolypeutet  eonunu.    Suborder  Xenarthra,  family  Daasrpodidie. 

116.  Hapalop»  metemeyeri  (?).    Suborder  Xenarthra,  family  MegalonychidsD.    Middle  (?)  Miocene, 

Sianta  Cms  formation,  Patagonia. 

117.  Bradvpus  sp.     Suborder  Xenarthra,  family  Bradypodidsp. 
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It  may  also  be  noted  that  the  frontals  send  forward  anterior  pro- 
cesses for  articulation  with  the  maxillse. 

If  the  taeniodonts  are  primitive  edentates,  as  held  by  Dr.  Wortman, 
they  show  that  here,  as  in  other  orders,  the  primitive  forms  have  a  well- 
defined  anterior  orbital  rim,  formed  in  part  by  the  lacrymal,  the  lacrymal 
foramen  being  behind  this  rim  and  below  the  lacrymal  tubercle. 

Edentata  (Xenarthra) 

The  lacrymal  region  is  not  well  shown  either  in  the  Paleocene  PoUb" 
anodon  Matthew  (1918)  or  in  the  Middle  Ek>cene  Metachiromys,  The 
skull  of  the  latter,  however,  approaches  the  armadillo  type,  especially 
in  the  wide  expansion  of  the  frontals  anteriorly.  The  whole  region  is 
highly  macrosmatic,  the  ethmo-turbinals  being  greatly  expanded.  There 
is  a  wide  contact  between  the  frontals  and  the  maxilla,  due  to  the 
marked  forward  growth  of  the  frontals. 

Proddsypits  of  the  Santa  Cruz  formation,  as  described  by  Professor 
Scott  (1906),  has  a  fairly  primitive  lacrymal  with  a  projecting  antorbital 
rim  and  a  small  pars  facialis.  In  Dasypus  (Fig.  114)  the  lacrymal  is  on 
the  face  and  chiefly  in  front  of  the  orbit;  the  foramen  is  external  in 
position.    The  orbital  part  of  the  lacrymal  is  limited. 

In  Siegotherium  (Fig.  113),  a  long-faced  relative  of  Tatimaj  figured 
by  Professor  Scott,  the  lacrymal  has  an  extended  pars  facialis  with  a 
lateral  foramen  and  groove. 

In  the  young  Tatusia  hyhrida,  as  figured  by  Parker  (1885,  PI.  vi), 
the  large  lacrymal  forms  the  prominent  anterior  rim  of  the  orbit  while  the 
jugal  is  reduced.  The  pars  faciahs  is  large.  The  foramen  is  immediately 
in  front  of  the  orbital  rim. 

Thus  in  the  armadillos  the  orbital  part  of  the  lacrymal  is  reduced, 
the  facial  part  more  or  less  extended,  and  the  foramen  Ls  external.  The 
lacrymal  is  widely  separated  from  the  palatine  by  the  maxilla. 

In  the  Santa  Cruz  glyptodonts  the  lacrymal  has  been  displaced 
dorsad  through  the  enlargement  of  the  zygoma. 

Among  the  Santa  Cruz  ground-sloths,  Hapalops  (Fig.  116)  has  a 
relatively  primitive  lacrymal  with  a  moderate-sized  pars  facialis;  the 
foramen  is  immediately  in  front  of  the  orbit.  The  pars  orbitalis  is 
separated  from  the  maxilla  by  an  orbital  extension  of  the  jugal.  Similar 
conditions  persist  in  the  modem  sloths  (Fig.  117).  Among  the  Mylo- 
dontidse,  Scelidotherium  (Fig.  118)  exhibits  a  relatively  primitive  condi- 
tion of  the  lacrymal.  In  Myrmecophaga  (Fig.  119)  the  great  extension 
of  the  facial  part  of  the  lacrymal  is  probably  connected  with  the  still 
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Figs.  118  to  121.     Skulls  of  Edentates  (continued).    Suborder  Xenarthra. 

118.  Scdidolherium  cuvieri.    Family  Mylodontidse.      Pleistocene,  Pampeean  formation,  Argentina. 

119.  Myrmecophaoa  jubata.     Familv  Myrmecophagidee. 

120.  Tamandua  teiradadi^.     Family  Myrmecophagide. 

121.  Cydope*  dorsalia.     Family  Myrmecophagidee. 
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greater  forward  growth  of  the  frontal.  Two  foramina  are  present, 
presumably  for  the  upper  and  lower  palpebral  branches  of  the  lacrymal 
gland.  In  Tamandua  (Fig.  120),  with  its  shorter  snout,  the  pars  facialis 
is  much  less  extended.  In  Cyclopes  (Fig.  121),  in  which  the  snout  is 
secondarily  shortened,  the  lacr3anal  is  crowded  between  the  outwardly 
spreading  maxilla  and  the  frontal,  the  pars  facialis  being  greatly  re- 
duced and  the  fronto-maxillary  contact  reduced  or  absent.  In  the  ant- 
eaters  the  lacrymal  is  in  contact  with  the  palatine,  but  in  the  sloths  it  is 
widely  separated  from  it  by  the  maxilla  and  the  jugal. 

Accordingly,  we  find  that  the  lacrymals  of  xenarthrous  edentates 
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Figs.  122  to  124.    Skulls  of  Manis  (subclass  Placentalia,  order  Edentata,  sub- 
order Pholidota)  and  Orycteropus  (subclass  Placentalia,  order  Tubulidentata). 

122.  Mania  sp.     Family  Manidse.     Young  individual. 

123.  Manitep.    Young  individual  showinc  secondary  lygoma tic  arch  formed  by  union  of  processes 

from  the  squamoeal  and  maxilla. 

124.  Orycteropus  sp.     Family  Orycteropodidse. 

differ  widely  among  themselves;  in  the  armadillos  the  lacrymal  is  mostly 
external  to  the  orbit  and  widely  separated  by  the  maxilla  from  the 
palatine.  In  the  sloths,  on  the  other  hand,  the  orbital  portion  is  well 
defined,  but  separated  from  the  maxilla  by  the  orbital  process  of  the 
jugal.  In  the  ant-eaters,  with  the  reduction  of  the  jugal  the  lacryma! 
gains  a  presimiably  secondary  contact  with  the  palatine. 
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Pholidota 

In  two  very  young  Manis  skulls  (Amer.  Mus.  Nos.  26637,  42261, 
Figs.  122, 123)  with  sutures  all  open,  there  is  no  trace  of  a  distinct  lacry- 
mal,  its  position  being  usurped  by  the  vertical  plate  of  the  palatine  and 
the  descending  wall  of  the  frontal.  There  is  a  very  wide  fronto-maxillary 
contact.  A  conspicuous  foramen  at  the  anterior  comer  of  the  orbit, 
between  the  frontal  and  the  palatine,  at  first  looks  like  the  lacrymal  fora- 
men, but  is  more  probably  the  spheno-palatine  foramen;  although 
Weber  (1904,  p.  422),  after  stating  that  a  lacrymal  is  seldom  retained 
but  generally  is  fused  with  the  maxilla,  says  that  it  is  always  imperforate 
and  that  the  lacr3anal  foramen  lies  between  the  frontal  and  the  palatine. 
Possibly  the  disappearance  of  the  lacrymal  in  Manis  may  be  correlated 
to  some  extent  with  a  caudad  displacement  of  the  orbits,  which  have 
become  confluent  with  the  temporal  fossa,  the  preorbital  part  of  the 
frontal  extending  downward  over  the  territory  of  the  lacrymal  and 
usmping  both  its  fimction  and  position. 

Recently  Dr.  Matthew  has  shown  (1918)  that  the  Pholidota  may 
very  well  be  derived  from  primitive  Xenarthra.  In  Manis  the  confluence 
of  the  orbit  with  the  temporal  fossa  and  the  loss  of  the  jugal  are 
conditions  that  are  more  or  less  foreshadowed  in  Cyclopes,  while  the 
wide  fronto-maxillary  contact  is  seen  in  Stegotherium. 

TubuUdentata 

In  Orycteropics  (Fig.  124)  the  lacrymal  region  recalls  the  type  found 
in  Myrmecobius,  Tupaia,  Eocene  Artiodactyla,  and  other  genera  in 
which  the  ethmoid  region  is  widely  expanded,  the  orbit  is  placed  far 
backward  and  the  lacrymal  projects  laterally,  forming  an  anterior  rim 
of  the  orbit  and  extending  well  forward  on  the  face.  The  foramen  is 
external,  the  pars  orbitalis  is  considerably  reduced  by  the  encroachment 
of  the  palatine  and  frontal.  The  fronto-maxillary  contact  is  well 
developed.  Much  of  this  condition  may  have  resulted  from  a  caudad 
displacement  of  the  orbits,  correlated  with  a  forward  growth  of  the 
frontal. 

The  conditions  in  the  lacrymal  region  of  Oryderopus  could  well  be 
derived  from  those  in  the  Condylarthra  to  be  described  below. 

Tillodontia 
In  the  Middle  Eocene  Tillotherium  the  lacrymal  region  appears  to  be 
fairly  primitive  and  creodont-like  in  spite  of  the  rodent-Uke  modifica- 
tion of  the  front  teeth.    The  lacrymal  forms  the  anterior  border  of  the 
orbit;    the  pars  orbitalis  is  moderately  extended  dorsally;  the  pars 
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facialis  is  small;   the  foramen  and  tubercle  are  marginal.    There  is  a 
wide  fronto-maxillar>'  contact. 

Rodentia 

The  oldest  knowTi  rodents,  the  Ischyromyidse  of  the  Eocene  (cf. 
Matthew,  1910)  already  show  the  chief  ordinal  characteristics  of  the 
skull  and  dentition.  In  correlation  with  the  gUriform  modification  of 
the  incisors  (Fig.  125)  the  premaxillae  are  much  enlarged  and  extend  up 
above  the  maxillae  and  lacrymals  to  gain  contact  with  the  frontals;  the 
fronto-maxillary  contact  and  the  facial  part  of  the  lacrymal  are  accord- 
ingly much  restricted;  in  correlation  with  the  expansion  of  the  masseter 
the  zygomatic  arch  is  typically  stout,  and  the  jugal  is  supported  by  a 
more  or  less  well-developed  zygomatic  process  of  the  maxilla,  which 
bears  a  tubercle  for  the  anterior  end  of  the  masseter  lateralis.  Post- 
orbital  processes  of  the  frontals  are  not  developed.  The  modern  Arc- 
iomys  (Fig.  126)  has  advanced  beyond  this  primitive  rodent  condition 
by  the  differentiation  of  a  special  sUp  of  the  masseter  lateralis  which  has 
grown  forward  along  the  anterior  preorbital  border  of  the  zygomatic 
arch  so  as  to  invade  the  lateral  surface  of  the  maxilla  above  the  infra- 
orbital canal,  even  reaching  the  premaxilla.  The  lacrymal,  however, 
which  was  already  reduced  in  Paramys,  retains  its  place  in  the  anterior 
rim  of  the  orbit,  in  contact  with  the  maxilla,  jugal,  palatine,  and  frontal. 
It  is  traversed  by  the  lacrymal  duct.  The  main  tubercle  is  borne  by  the 
frontal,  but  a  smaller  tubercle  below  it  is  developed  at  the  junction  of 
the  lacrymal  with  the  jugal.  In  Sciurus  this  becomes  the  main  tubercle. 
In  Castor  (Fig.  127)  the  great  development  of  the  anterior  shp  of  the 
masseter  and  the  correlated  growth  of  the  anterior  part  of  the  zygoma 
have  displaced  the  orbit  dorsad,  so  that  the  very  small  portion  of  the 
lacrymal  which  remains  on  the  surface  faces  upward,  forward,  and  out- 
ward. The  tubercle  is  borne  by  the  frontal.  In  the  Geomyidae  the 
maxilla  has  usurped  the  place  of  the  jugal  in  the  anterior  zygomatic 
plate  and  the  jugal  is  hmited  to  the  middle  of  the  zygomatic  arch,  the 
maxilla  has  also  extended  dorsad  to  the  fronto-premaxillary  junction, 
crowding  the  lacrymal  into  a  more  or  less  reduced  condition;  it,  however, 
still  bears  the  tubercle. 

Similar  conditions  obtain  in  Fiber  and  Mus  where  the  lacrymal  is 
greatly  reduced  to  a  thin  plate  of  bone  on  the  inner  wall  of  the  orbit, 
above  the  infraorbital  fenestra.  In  Mus  it  ends  above  in  a  delicate 
tubercle.  In  these  and  other  myomorphs  (Fig.  128)  the  final  stages  in 
the  reduction  of  the  lacrymal  may  perhaps  be  associated  with  the  an- 
terior extension  of  the  medial  shp  of  the  masseter,  which  has  worked  its 
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Figs.  125  to  130.     Skulls  of  Rodents. 


Subclass  Placentalia,  order  Rodentia. 

Lower  Eocene,  Laznbdo- 


125.  Paramyt  copei.    Suborder  Sciuromorpha.  family  Ischyromyidse. 

tberium  «one.  Wind  River  basin,  Wyoming. 

126.  Aretomya  sp.     Suborder  Sciuromorpha,  family  Sciuridff. 

127.  Castor  canadentU.     Suborder  Sciuromorpha,  family  Castoride. 

128.  Lophiomyt  imhausi.     Suborder  Myomorpha,  family  Cricetids. 

129.  PedeUa  caffir.     Suborder  Dipodomorpha,  family  Pedetidee. 

130.  Hydrochamt  capybara.     Suborder  Hystricomorpha,  family  Caviide.  subfamily  Hydrochoeri- 
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way  forward  above  the  infraorbital  canal,  pushing  in  the  medial  wall  of 
the  nasal  chamber  and  finally  appearing  on  the  side  of  the  rostrum  in 
front  of  the  orbit.  However,  it  should  be  noted  that  the  lacrymal  was 
already  reduced  in  the  Oligocene  IschyromySj  in  which  the  medial  exten- 
sion of  the  lacrymal  may  have  barely  begun. 

In  Pedetes  (Fig.  129)  and  allied  types  this  medial  slip  of  the  masseter 
attains  enormous  dimensions,  widely  opening  up  the  infraorbital  fenes- 
tra; but  in  this  group  the  lacrymal  not  only  retains  its  place  on  the 
anterior  rim  of  the  orbit,  but,  together  with  the  maxilla,  plays  an  imi- 
portant  part  in  transmitting  dorsad  thrusts  from  the  zygoma  to  the 
frontal  and  to  the  alveolar  process  of  the  maxilla. 

Somewhat  similar  conditions  prevail  in  Hydrochoerus  (Fig.  130) 
and  allied  genera  of  the  Hystricomorpha;  but  here  the  lacrymal  enjoys  a 
marked  secondary  expansion,  becoming  a  massive  dorsal  keystone  to 
the  zygomatic  arch.  The  jugal  is  now  restricted  to  the  middle  of  the 
arch,  and  the  lacrymal  duct  is  exposed  in  the  dried  skull.    • 

Lagomorpha 

In  Lepus  and  other  Lagomorpha  the  lacrymal  is  a  compressed  bone 
on  the  anterior  wall  of  the  orbit,  ending  laterally  in  a  large  projecting 
tubercle.  It  is  pierced  by  the  lacrymal  duct  and  is  in  contact  with  maxilla, 
palatine,  and  frontal.  The  jugal  is  fused  at  an  early  age  wath  the  zygo- 
matic process  of  the  maxilla  (Lyon,  1904,  p.  345)  and  is  widely  separated 
from  the  lacrymal  (Amer.  Mus.  No.  9938).  The  premaxiUse  are  greatly 
extended  dorsad  and  gain  contact  with  the  frontals  as  in  other  rodents. 
The  prominent  anterior  rim  of  the  orbit  is  formed  exclusively  by  the 
maxilla. 

The  Lagomorpha  date  back  at  least  to  the  Oligocene,  and  their  direct 
ancestry  in  the  Eocene  is  unknown.  Mr.  J.  W.  Gidley  (1912)  excludes 
the  Lagomorpha  altogether  from  the  Rodentia  on  the  grounds  that  the 
two  groups  were  already  widely  separated  in  the  Oligocene  and  that  they 
differ  in  important  characters  of  the  jaws,  dentition,  and  limbs.  In 
support  of  this  view  one  might  cite  the  lagomorph  resemblance  of  Pachy- 
rukhoSy  of  the  order  Typotheria,  which  parallels  the  lagomorphs  not 
only  in  the  general  form  of  the  front  teeth  and  jaws  but  in  the  adaptive 
facies  of  the  auditory  region.  Nevertheless,  the  pecuUar  specializations 
of  the  lagomorph  skull  mask,  but  do  not  obliterate,  a  long  series  of  char- 
acters which  they  have  probably  inherited  from  some  such  very  primi- 
tive rodent  as  ParamySy  in  which  the  lacrymal  was  already  reduced  to  a 
small  bone  on  the  anterior  rim  of  the  orbit. 
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Figs.  131  to  134.     Skulls  of  two  Condylarths  (subclass  Placentalia,  order  Condy- 
larthra)  and  of  a  Litoptem  (subclass  Placentalia,  order  litoptema). 


131.    IfyopMMftM  ^ipiciKM.    FMnily  Hyopeodontids. 

primaviM.      Familj 
Gray  Bull  beds,  Bighorn  basin,  Wyoming. 


132. 
133. 


therium  sone,  Bridget  Basin.  Wyoming. 
PlunaoidiM   pn'moviM.      Family   Phenacodontidse. 


Middle  Eocene,  Upper  Bridger.    Uinta- 
After  Mattliew. 

Lower    Eocene,    Coryphodon    sone. 


Lower  Eocene,  Menisco- 


vvmjr  x^vkxx  wub,  .u.»KUuru  l/bbiu,   tt  y\ 

Meniieathtrium  chamenae  terrcerubra.     Family  . 
therium  sone,  Larao  beds,  San  Juan  basin.  New  Mexico. 
134.    Diadiaphoru*  sp.    Order  Litoptema,  family  Proterotheriidie.   Middle  (?)  Miocene,  Santa 
Cms  formation,  Patagonia. 
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Condylarthra 
In  the  members  of  this  order  the  lacrymal  region  is  very  primitive, 
recalling  that  of  the  creodonts,  and  affording  a  structurally  ancestral 
stage  for  the  various  lines  of  speciaUzation  seen  in  the  different  orders  of 
ungulates.  In  Phenacodus  and  Meniscoiherium  the  lacrymal  forms  a 
short  rim  on  the  anterosuperior  margin  of  the  orbit;  the  tubercle  is 
prominent  and  is  directed  downward  and  backward.  The  pars  facialis 
is  exposed  dorsally,  the  pars  orbitalis  well  developed.  Above  the  lacry- 
mal there  is  a  fronto-maxillary  contact  of  moderate  {Phenacodus)  or 
slight  {Meniscoiherium)  width;  the  nasals  extend  well  behind  this 
point,  as  in  perissodactyls.  The  lacrymal  foramen  is  internal  and  the 
lacrymal  is  in  contact  below  with  the  well-developed  jugal. 

In  Hyopsodu^  (Fig.  131),  which  has  been  shown  by  Matthew  (1915) 
to  be  a  primitive  condylarth,  the  lacrymal  has  a  moderately  extended 
pars  facialis  and  the  foramen  is  within  the  orbital  margin  (Matthew, 
1909,  Figs.  103,  104). 

Litopterna 

In  this  order  the  configuration  of  the  lacrymal  region,  as  well  as  of 
the  whole  skeleton,  has  probably  been  derived  from  the  more  primitive 
conditions  represented  in  the  Condylarthra.  In  Diadia'phorus  (Fig.  134) 
of  the  Santa  Cruz  formation  the  lacrymal  forms  a  well-marked  rim  on 
the  anterior  margin  of  the  orbit  and  the  pars  faciaUs  is  extended  dorsally. 
The  pars  orbitalis  is  well  developed.  The  main  lacrymal  foramen  is 
located  within  the  orbit,  medial  to  the  orbital  rim.  Another  and  external 
foramen,  in  the  pars  facialis  above  the  jugal,  leads  into  a  duct  which  is 
probably  a  branch  of  the  main  lacrj'^mal  duct  (?  inferior  canaUculus). 
This  second,  or  external,  foramen  is  figured  by  Professor  Scott  also  in 
Licaphriunij  Thoatheriumy  and  Theosodon  (1910,  XVII)  and  may  also 
be  seen  in  skulls  in  this  Museum.  In  Diadiaphorus  there  are  two  fairly 
stout  tubercles  for  the  palpebral  Ugaments  on  the  anterior  rim  of  the 
orbit,  the  upper  one  being  the  larger.  The  infraorbital  foramen  is 
represented  by  three  foramina,  recalUng  the  "foramina  maxillo-faciaUa" 
of  reptiles.  The  orbit  is  closed  posteriorly  by  postorbital  processes  of 
the  jugal  and  frontal,  as  it  is  also  in  Ldcaphrium  and  Thoatherium,  but  in 
Theosodon  the  postorbital  projection  of  the  jugal  is  wanting  so  that  the 
orbit  remains  open  posteriorly.  In  this  genus  the  marked  retraction  of 
the  nasals  has  not  greatly  affected  the  lacrymal.  The  pars  facialis  of 
the  lacrymal  is  moderately  developed  and  the  orbital  rim  is  very  promi- 
nent, bearing  a  low  tubercle. 
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In  its  successor,  Macraucheniaj  the  anterior  nares  are  entirely 
dorsal,  above  the  eyes,  and  the  narial  passage  leads  straight  downward; 
at  the  same  time  the  rostrmn  is  produced  forward  and  the  nasals  are 
greatly  abbreviated.  Notwithstanding  these  specializations,  which 
suggest  the  conditions  in  tapirs  and  in  sea-elephants,  the  lacrymal 
region  is  but  little  modified.  As  the  orbits  are  behind  the  last  molar,  the 
pars  facialis  is  somewhat  lengthened. 

Entelonychia 

The  older  members  of  thus  group  are  probably  in  many  respects  the 
most  primitive  of  the  notoungulate  series.  The  lacrymal  of  #oma[odon/o- 
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Fig.  135.     Nesodon  imbricatus.    Subclass  Placentalia,  order  Notoungulata,  sub* 
order  Toxodonta,  family  Toxodontidae.     After  Scott. 

therium  is  thus  described  by  Professor  Seott  (1912,  p.  266):  ''The 
lachrymal,  the  limits  of  which  are  not  easy  to  make  out  in  either  of  the 
skulls,  is,  to  all  appearance,  a  ver>'  small  triangular  bone,  without  spine, 
which  is  exposed  at  the  superoanterior  margin  of  the  orbit;  the  foramen 
is  not  visible  from  the  side.'*  The  ascending  process  of  the  maxilla 
overlaps  the  frontals. 

Astrapotheria 
In  Astrapotherium}  the  pars  facialis  of  the  lacrymal  has  been 
crowded  out  through  the  backward  and  upward  retraction  of  the  nasals 
and  the  concomitant  development  of  the  proboscis.    The  pars  orbitalis 
bears  a  prominent  swelling. 


'Cf.  Fig.  21  of  the  succeeding  paper  on  the  preorbital  fossje  of  ungulates. 
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Toxodontia 
In  Nesodon  (Fig.  135)  the  lacrymal  is  rather  small  and  lies  mostly 
within  the  orbit,  the  pars  facialis  being  small.  The  foramen  is  marginal 
and  there  is  a  wide  fronto-maxillary  contact.  A  contact  with  the  jugal 
is  present.  Essentially  similar  conditions  obtain  in  Toxodon.  In 
Adinoiherium,  as  figured  by  Professor  Scott  (op.  ciL,  PI.  xx,  flg.  1)  the 
lacrymal  is  quite  small. 

Typotheria 

Even  among  the  older  typotheres  of  the  Santa  Cruz  formation  the 
skull  is  already  much  specialized  and  two  well-marked  types  of  lacrymal 
region  are  presented. 

In  the  first  type  {Hegetotherium,  Fig.  136)  the  lacr>'mal  is  compara- 
tively primitive,  retaining  its  normal  position  and  contacts,  although 
the  pars  facialis  is  secondarily  enlarged,  restricting  the  fronto-maxillary 
contact;  the  lacrymal  bears  the  tubercle  and  the  foramen  is  marginal. 
In  this  type  the  lacrymal  forms  a  keystone  which  transmits  thrusts 
from  the  stout  zygomatic  arch  to  the  frontal  and  maxilla,  the  whole 
series  of  adaptations  probably  being  connected  with  the  great  enlarge- 
ment and  anterodorsad  extension  of  the  masseter  muscle.  The  great 
expansion  of  the  angular  region  of  the  mandible,  which  is  the  insertion- 
area  of  the  masseter,  also  testifies  to  the  enlargement  of  the  masseter, 
which  was  conditioned  by  the  somewhat  rodent-like  modification  of  the 
incisors  and  the  hypsodont  form  of  the  cheek-teeth. 

In  Pachyritkhos  (Fig.  137),  a  structural  derivative  of  Hegetotheriuniy 
the  anterior  end  of  the  masseter  must  have  extended  still  further  dorsad 
in  front  of  the  orbit,  carrying  the  mandible  with  it  and  restricting  not 
only  the  pars  facialis  of  the  lacrymal  but  also  the  fronto-maxillary  con- 
tact. 

The  final  stage  is  attained  in  Typotheriumj  in  which  the  incisors  are 
of  gnawing  type.  Here  the  pars  faciaUs  of  the  lacrymal  is  restricted  to  the 
anterior  margin  of  the  orbit;  but  in  all  these  forms  the  jugal  retains 
contact  with  the  lacrymal. 

In  the  second  series  of  typotheres  (Figs.  138,  139),  of  the  family 
Interatheriidse,  the  jugal  is  widely  separated  from  the  lacrymal  and  con- 
fined to  the  middle  of  the  zygomatic  arch,  its  place  on  the  anterior 
border  of  the  orbit  being  usurped  by  the  maxilla.  In  this  case  the  anterior 
end  of  the  masseter  fascia  was  doubtless  produced  sharply  downward, 
much  as  in  glyptodonts.  In  this  series  the  lacrymal  becomes  reduced 
in  size  and  barely  extends  to  the  lateral  border  of  the  orbit. 
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Figs.  136  to  139.    Skulls  of  Notoungulata.    Subclass  Placentalia,  order  Notoun- 
gulata,  suborder  Typotheria. 

136.  HueMherium  fMrdbiU.    Family  Hegetotheriidce.    Middle  (7)  Miocene,  Santa  Crui  formation, 

Patagonia. 

137.  Paekt/ruktios  moyani.    Family  HegetotheriidsB.    Middle  (7)  Miocene,  Santa  Cruz  formation, 

Patagonia. 

138.  Protypotherium  australe.   Family  Interatheriidse.    Middle  (?)  Miocene,  Santa  Crui  formation, 
Patagonia. 

139.  IntertUKerium  robiutus.   Family  Interatheriidse.    Middle  (?)  Miocene,  Santa  Cms  formation, 


Patagonia. 
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Amblypoda 
(Taligrada+Amblypoda,  s,  s.) 

In  Haploconus  (Fig.  140)  the  lacrymal  is  rather  small  and  forms  the 
anterior  rim  of  the  orbit;  the  foramen  is  marginal  and  opens  backward; 
there  is  no  preorbital  extension  of  the  lacrymal;  there  is  a  well-developed 
fronto-maxillary  contact  which  excludes  the  lacrymal  from  the  nasals. 
The  lacrymal  articulates  with  the  frontal,  maxillary,  jugal,  and  probably 
with  the  palatine.  The  whole  orbital  region  is  extremely  primitive, 
differing  from  the  condylarth  type  chiefly  in  the  small  size  of  the  pars 
facialis. 

In  Ectoconus  the  relations  of  the  lacrymal  are  the  same  as  in  Hap- 
loconus.  In  Pantolambda  the  lacrymal  is  of  moderate  size  and  forms  the 
anterior  rim  of  the  orbit.  There  is  no  pars  facialis.  The  maxillo-frontal 
contact  is  wide. 

Even  in  the  highly  speciaUzed  Uintaiherium  (Fig.  141)  there  is  no 
pars  facialis,  the  lacrymal  being  entirely  within  the  orbit  (Marsh,  1872, 
Pis.  I,  ii)  where  it  is  appressed  to  the  inner  wall.  The  foramen  faces 
externally.  The  normal  contacts  with  the  frontal,  maxilla,  and  jugal  are 
retained. 

Proboscidea 

In  the  Upper  Eocene  Mceritherium  (Fig.  142)  the  position  and  limits 
of  the  lacrymal  are  not  known.  In  one  specimen  "there  is  on  the  edge 
of  the  orbit  a  small  tubercle  presumably  borne  on  the  lachrymal,  but 
there  is  no  evidence  of  a  lachrymal  foramen"  (Andrews,  1906, p.  103). 
The  eyes  are  very  far  forward.  The  jugal  is  separated  from  the  lacrymal 
by  the  maxilla.  The  orbital  region  is  much  more  primitive  than  that  of 
other  Proboscidea,  and  suggests  the  sirenian  type. 

In  Palceomastodon  the  lacrymal  is  a  ''small  bone  wedged  between 
the  frontal  and  maxilla  and  grooved  below  by  the  upper  surface  of  the 
antorbital  canal.  It  is  perforated  by  a  large  foramen  which  lies  within 
the  border  of  the  orbit;  above  the  foramen  and  on  the  rim  of  the  orbit 
there  is  a  small  but  prominent  tubercle"  (Andrews,  1906,  p.  138).  The 
maxilla  usurps  the  place  of  the  jugal  below  the  orbit  and  widely  separates 
the  lacrymal  from  the  jugal.  There  is  no  pars  facialis.  The  lacrymal  has 
perhaps  been  restricted  by  the  recession  of  the  nares  and  the  crowding 
back  of  the  trunk  muscles. 

In  Mastodon  americanus  (Fig.  145)  the  lacrymal  is  rather  widely 
extended  on  the  inner  wall  of  the  orbit.  The  foramen  is  on  the  anterior 
wall  of  the  orbit  near  the  junction  of  the  lacrymal  with  the  maxilla. 
The  latter  widely  separates  the  jugal  from  the  frontal. 
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In  modern  elephants  (Fig.  146)  the  laerymal  is  rather  small  and  has 
no  pars  facialis.  It  forms  the  anterior  rim  of  the  orbit  and  has  a  mod- 
erate orbital  expansion.  The  stout  tubercle  serves  for  the  attachment 
of  the  palpebral  Ugament  and  the  laerymal  is  surrounded  by  the  robust 
orbicularis  muscles.  (See  the  dissections  in  Boas  and  PauUi,  1908.) 
The  maxiUo-frontal  contact  is  wide.    The  foramen  and  canal  are  absent, 
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Figs.  140,  141.    Skulls  of  Amblypoda.    Subclass  Placentalia,  order  Amblypoda. 

140.  Hajtloconus  litualut.    Suborder  Taligrada,  family  Periptychidse.  Paleocene,  Polymastodon 

xoiie«  Puerco  formatioii,  San  Juan  baain.  New  Mexico. 

141.  Dinocera*  mirabiU.    Suborder  Dinocerata,  family  Uintatheriidie.     Middle  Eocene,  Uinta- 

therium  sone*  Upper  Bridger,  Bridger  baain,  Wyoming.    After  Marsh. 

and  likewise  the  laerymal  gland  (Weber,  1904,  p.  719).  The  laerymal 
has  been  less  affected  by  the  development  of  the  trunk  than  have  many 
other  elements  of  the  skull. 
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Figs.  142  to  144,    Skulls  of  MctrUheriurHf  Manalus  and  Arsirwiiherium.    Sub- 
class Placentalia,  orders  Proboscidea,  Sirenia,  Embrithopoda. 

142.  MarUherium  lyofui.    Order  Proboscidea,  family  Moeritberiidoe.    Upper  (?)  Eocene,  Quasr-el. 

Sagba  beds,  FayQm,  Egypt.    After  Andrews. 

143.  Manatua  latirostris.    Order  Sirenia,  familv  Manatidffi. 

1 44 .  Arsinoitherium  titteli.  Order  Embrithopoda,  family  Arsinoitberiidse.  Lower  Oligocene,  Fluvio- 

marine  beds,  Fayi^m,  Egypt.    After  Andrews. 
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Figs.  145, 146.    Skulls  of  Proboscidea.    Subclass  Placentalia,  order  Proboscidea. 

145.  Mattodon  amerieann^.    Familv  Ma0todontid«.    Pleistocene,  Indiana. 

146.  EUphaB  indicuM.    Young  skull.    Family  Elephantide. 
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Sirenia 

The  lacrymal  of  Eosiren  is  not  known. 

In  Manatus  (Fig.  143)  the  laciymal  is  extended  anteroposteriorly 
on  the  inner  wall  of  the  orbit.  No  lacrymal  duct  is  visible,  and  Murie 
found  no  lacrymal  gland  present  (Weber,  1904,  p.  733).  The  jugal  re- 
tains contact  with  the  lacr3rmal,  whereas  in  the  Proboscidea  it  is  widely 
removed  from  it. 

In  the  dugong  {Trichechus)  and  in  Rhytina  the  lacr3rmal  is  thickened 
on  the  anterior  rim  of  the  orbit. 

Embrithopoda 
The  lacr3maal  of  Arsinoitherium  (Fig.   144)  is  described  by  Dr. 
Andrews  (1906,  p.  7)  as  follows: 

The  lachrymal  is  a  small  bone  occupying  the  anterior  angle  of  the  orbit,  wedged 
in  between  the  frontal  above,  and  the  maxiUa  and  jugal  below.  It  bears  a  vertically- 
elongated  prominence  (see  PI.  I,  Z),  which  forms  the  actual  edge  of  the  orbit  and  is 
connected  below  with  a  strong  crest  borne  on  the  front  of  the  maxillary  process  of 
the  jugal.    There  seems  to  be  no  trace  of  any  lachrymal  foramen. 

It  is  rather  interesting  to  find  the  lacr3maal  of  this  animal  main- 
taining so  much  of  its  primitive  character  and  position  in  such  highly 
specialized  surroundings. 

Hyracoidea 

In  the  Upper  Eocene  MegaJx>hyrax  (Figs.  147-148)  the  face  is  greatly 
prolonged  in  front  of  the  orbits  which  he  mostly  behind  the  molars. 
The  fronto-maxillary  contact  is  widely  extended  and  with  it  the  pars 
faciaUs  of  the  lacrymal.  The  stout  lacrymal  spine  points  backward. 
Contact  with  the  jugal  is  retained. 

In  Dendrohyrax  (Fig.  149)  the  lacrymal  is  a  small,  more  or  less 
quadrilateral  bone  at  the  anterior  comer  of  the  orbit  and  with  but  Uttle 
orbital  expansion.  It  bears  a  very  prominent  spine,  which  is  above  the 
crista  anterior  of  the  maxilla.  It  is  separated  from  the  widely  spreading 
nasal  by  a  small  to  moderate  maxillo-frontal  contact  and  from  the  jugal 
by  the  crista  anterior  of  the  maxilla.  On  the  inner  wall  of  the  orbit  it  is 
widely  separated  from  the  vertical  plate  of  the  palatine  by  a  fronto- 
maxillary  contact.  The  large  foramen  is  well  within  the  orbit,  behind 
and  below  the  spine.  The  lacrymal  is  quite  hollow  within,  its  cavity 
opening  anteriorly  into  the  maxillary  antrum,  lateral  to  the  turbinate 
bones.  The  bony  naso-lacr3maal  duct  is  supported  by  laminse  from  the 
lacrymal  and  maxilla.  Beginning  at  the  lacrymal  foramen  it  turns 
sharply  inward  and  slightly  downward  running  in  toward  the  ethmoid 
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Figs.  147  to  149.  Skulls  of  H3Tacoidea.   Subclass  Placentulia,  order  Hyracoidea, 
family  H3rracid£B. 

147.  Mtgaiohyrox  fs^.  Subfamily  Sashatheriiiue.    Lower  Oligocene,  Fluvio-marine  beds,  Fayi^m, 

148.  My^hyraxnp.  Subfamily  Saghatheriin».    Lower  Oligocene,  Flu  vio-marine  beds,  Fay  Am, 

149.  Dendrohyrax  sp.  Subfamily  Hyracinn  (Procaviine). 
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beneath  the  ethmo-turbinals.  It  then  turns  forward  coursmg  along  the 
inner  side  of  the  maxilla  and  premaxilla  and  opens  below  a  curved 
lamina  on  the  inner  side  of  the  premaxilla  above  the  enlarged  incisor. 

In  Procavia  the  lacrymal  is  less  quadrilateral  in  form,  its  orbital 
extension  being  more  covered  by  the  frontal  and  maxilla.  It  is  set  more 
obliquely,  nmning  anterosuperiorly  into  a  point.  Its  prominent  spine 
is  directed  downward  and  backward,  rather  than  outward.  It  sometimes 
has  contact  with  the  nasal  and  separates  the  frontal  from  the  maxilla, 
but  usually  it  is  excluded  from  the  nasals  by  a  small  fronto-maxillaiy 
contact.  It  is  separated  from  the  jugal  by  a  strip  of  the  maxilla  which  is 
of  varying  width,  sometimes  very  narrow,  so  that  the  jugal  very  nearly 
reaches  the  lacrymal.  Its  ample  duct  runs  sharply  downward  and  for- 
ward enlarging  in  its  descent  and  opening  widely  below  into  the  nasal 
tract,  behind  the  anterior  palatine  foramen.  Thus  the  two  living  genera 
of  hyracoids  exhibit  rather  wide  differences  in  the  lacrymal  region. 

Artiodactyla 

In  this  order  the  lacrjrmal  primitively  forms  the  sharp  anterior  rim 
of  the  orbit  and  the  extension  of  the  preorbital  part  of  the  lacrymal  (pars 
faciaUs)  early  attained  an  extreme.  In  modem  forms  this  facial  part 
serves  as  a  base  for  the  orbicular  muscles  and  is  correlated  with  a  for- 
ward continuation  of  the  inner  canthus  of  the  eye  and  with  outwardlj'- 
directed  eyes.^  The  expanded  lacr3maal  also  serves  in  part  for  the  attach- 
ment of  the  maxillo-labialis  superior  and  naso-labialis  muscles,  and 
sometimes  its  external  surface  is  depressed  by  a  large  facial  gland. 

The  lacrymal  region  in  the  Eocene  Dichobunidae  (Fig.  150)  has 
been  carefully  figured  by  Stehlin  (1906)  and  is  well  shown  in  an  uncrushed 
skull  of  HomcLcodon  vagans  in  this  museum.  These  forms  suggest  Twpam 
and  MyrmecobiiLS  in  the  swollen  and  tubular  character  of  the  preorbital 
part  of  the  face  and  in  the  way  that  the  lacrymak  form  the  anterior  rim 
of  the  orbits  and  project  laterally  in  the  top  view.  The  pars  facialis  is 
well  developed.  The  tubercle  is  marginal  and  the  foramen  is  medial  to 
it,  behind  the  anterior  orbital  rim.  There  is  a  wide  maxillo-frontal  con- 
tact. The  nasals  do  not  spread  widely  in  the  top  view  but  are  narrowed 
proximally  by  the  fronto-maxillary  contact.  Such  are  the  conditions  in 
Dichobune  and  Tapiridus  according  to  Stehlin's  figures,  but  in  Mixio- 
therium  the  lacrymal  as  provisionally  restored  in  Stehlin's  figure  is  much 
reduced. 


»8ee  the  dissections  given  by  Boas  and  Paulli,  Windle  and  Parsons,  Cuvier  and  Laurillard. 
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Figs.  150  to  154.     Skulls  of  Artiodactyls.    Subclass  Placentalia,  order  Artio- 
dactyla. 

150.  Dichobune  leporina.    Family  Dichobunidse.     Upper  Eocene  (Upper  Ludien),  Phoephatesof 

Quercy,  France,    After  Stehlin. 

151.  Procamelut  occiderUalis.    Fannily  Camelidse.    Upper  Miocene,  Procamelus  lone,  Little  White 

^ver.  South  Dakota. 

152.  TragtUtie  sp.     Family  Tragulidse. 

153.  horcaiherium  sp.     Family  Tragulidse. 
lo4.     Cmxduijsp.     Family  Ccrvidae. 
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Figs.  155  to  157.    Skulls  of  Oreodonts.   Subclass  Placentalia,  order  Artiodactyla, 
family  Oreodontidse. 

155.  Agriachatru*  trifrona.    Upper  Oligocene,  John  Day  formation.  Oregon. 

156.  Oreodon  eulherUonii,  var.  periculorum.    Middle  Oligocene,  Oreodon  tone,  Brule  formation 

Cedar  Creek,  northeastern  Colorado. 

157.  Levtauchenia  decora.    Upper  Oligocene,  Protoceras  tone,   Upper  Brule  formation.   South 

Dakota. 


Among  the  Oreodontidse  (Figs.  155-160)  the  conditions  of  the 
lacrymal  region  might  readily  be  derived  from  those  in  the  Dichobmiidse. 
The  pars  facialis  now  bears  a  wide  depression  for  a  facial  gland,  the 


Digitized  by 


Google 


1920]  Gregory  J  Studies  in  Comparative  Myology  and  Osteo  ogy 


189 


AlerycocAoeras 


Pro?7?erycochoerus 


A/c  ^29^8  AM. 


Figs.  158  to  160.    Skulls  of  Oreodonte  (continued). 

158.  Bporeodon  oceuientalit  var.  paci^cut.    Upper  Oligocene.  John  Day  formation.  Oregon. 

159.  Pronuryoodutnu  sp.    Lower  Miocene,  PromerycochceruB  tone,  Arikaree  formation.  Lower 

Rosebud  beds,  South  SakoU. 

160.  Merycochanu  sp.    Lower  Miocene.  Arikaree  formation,  Merycochoerus  tone,  Upper  Harrison 

beds,  Nelutuika. 

foramen  is  internal,  the  nasals  narrow  proximally,  and  there  is  a  wide 
maxillo-frontal  contact.  In  Agriochoerus  similar  conditions  obtain.  In 
Merychyus  the  anterior  apophysis  of  the  frontal  is  long  and  thin,  lying 
t>etween  the  expanded  lacrymal  and  the  nasals. 
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Figs.  161  to  163.     SkuUa  of  pig-like  Artiodactyls.    Subclass  Placentalia,  order 

Artiodactyla. 

161.  EntelodonBp.    Family  Entelodontidffi(Elotheriidae).  Middle  Oligocene.  Oreodon  lone,  Brule , 

formation,  South  Dakota. 

162.  Ancodon  brachyrhynehua.     Family  Anthracotheriide.     Upper  Oligocene,  Protocrces  lonc, 

Brule  formation.  South  Dakota. 

163.  Hippopotamus  lemerlei.    Family  Hippopotamidfe.    Pleistocene,  Madagascar. 

190 
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Among  the  Anthracotheriidae,  Ancodon  hrachyrhynchus  (Fig.  162) 
has  an  extremely  long  facial  extension  of  the  lacrymal,  surmounted  by 
even  longer  anterior  apophyses  of  the  fronals.  The  nasals  narrow  at  the 
proximal  end.    In  HeptacodoUy  on  the  contrary,  the  spreading  proximal 


Pigs.  164,  165.    Skulls  of  Perchcerus  and  Dicotyles.    Subclass  Placentalia,  order 

Artiodactyla,  family  DicotylidsB. 

104.    Perchcerus  priHinut.    U|H>er  Oligocene.  Diceratherium  sone,  John  Day  formation,  Oregon. 
165.    DieotyUt  i^Tayassu)  pecari.    Young  skull  with  milk  teeth. 

ends  of  the  nasals  are  exposed  dorsally  and  extend  toward  the  lacrymals, 
being  perhaps  still  separated  therefrom  by  a  narrow  isthmus  of  the  frontal 
apophysis. 

The  Hippopotamidae  (Fig.  163)  are  believed  by  Dr.  C.  E.  Andrews 
(1906,  p.  xx)  to  have  been  derived  from  the  Anthracotheriidse  and  their 
lacrymal  region  apparently  offers  nothing  inconsistent  with  this  view. 
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Figs.  166  to  168.    Skulls  of  Potamochceru^  and  PhacochoBrm.    Subclass  Placen- 
talia,  order  Artiodactyla,  family  Suidse. 

166.  Potamoehcerua  sp.     Subfamily  Suins. 

167.  Phacochotrua.     Subfamily  Phacochoerins. 

168.  Same  akull  as  in  Fig.  167.  oblique  lower  view  to  show  the  rehations  of  the  lacrymal  to  the 

surrounding  elements. 
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The  lacrymal  has  an  extended  pars  facialis,  which  has  gained  wide 
contact  with  the  nasal  and  widely  separates  the  frontal  from  the  maxilla. 

The  lacrymal  region  of  the  elotheres  (Entelodontidse,  Fig.  161)  ex- 
hibits little  of  note.  There  is  a  wide  fronto-maxillary  contact  and  an 
extensive  pars  faciaUs.,  Among  the  DicotyUdae,  PerchceriLS  (Fig.  164) 
shows  a  primitive  condition  of  the  lacrymal  region.  In  the  modern  pec- 
caries, however,  the  lacr3maal  is  much  reduced  in  size  and  is  overlapped 
by  the  jugal.  The  lacrymal  still  bears  the  tubercle  and  is  in  contact 
with  jugal,  maxilla  and  frontal.  There  is  a  prominent  foramen,  between 
the  lacrymal  and  the  frontal,  that  leads  into  the  nasal  cavity,  but  it 
may  be  the  spheno-palatine  rather  than  the  lacrymal  foramen,  as  Weber 
(1904,  p.  651)  says  that  the  lacrymal  foramen  of  the  peccary^  is  absent. 

Among  the  Suidae  (Figs.  166-168),  Phacochcerus  especially  has  a 
very  widely  extended  pars  facialis.  In  Sus  the  lacrymal  is  said  to  be 
shorter  in  domesticated  races  (Pira,  quoted  by  Hilzheimer,  1918)  but 
the  length  of  the  lacrymal  is  independent  of  the  length  of  the  snout 
(idem). 

In  the  earlier  CameUdse  {Protyhypm,  Scott,  1913,  p.  399,  fig.212A) 
the  pars  facialis  of  the  lacrymal  is  of  moderate  size,  and  the  lacrymals  are 
separated  from  the  nasals  by  a  fronto-maxillary  contact.  A  sUght 
vacuity  is  indicated  between  the  nasal,  lacrymal,  frontal,  and  maxilla. 
Somewhat  similar  conditions  obtain  in  Procamelus  (Fig.  151).  In 
the  modem  Camelus  the  proximal  ends  of  the  nasals  become  extraor- 
dinarily wide,  replacing  the  fronto-maxillary  contact,  and  are  in 
contact  with  the  lacr3maals.  The  pars  faciahs  is  rather  reduced  and  in 
the  dried  skull  its  anterior  part  is  more  or  less  replaced  by  a  vacuity. 

In  the  Pecora  (Figs.  153, 154)  the  pars  facialis  of  the  lacrymal  some- 
times becomes  very  long  as  in  the  ox.  It  has  the  oblique  position,  run- 
ning forward  and  inward  from  the  orbit  to  the  snout,  which  is  clearly 
foreshadowed  in  Oreodon,  It  usually  develops  a  vacuity  at  the  antero- 
intemal  comer  and  is  depressed  externally  by  the  facial  gland.  The 
maxillaries  and  frontals  are  widely  separated  an  obvious  specialization. 
The  variations  in  the  details  of  the  lacrymal  region  in  the  Pecora  have 
been  used  for  systematic  purposes  by  Dr.  Knotternus  Meyer  (1907). 

Perissodactyla 
In  Mesohippus  the  lacrymal  is  a  flat  squarish  bone  of  moderate  size 
located  at  the  upper  front  margin  of  the  orbit ;  it  makes  a  wide  contact 
with  the  spreading  nasal  and  widely  excludes  the  frontal  from  the  maxil- 
lar}'.  The  maxillo-nasal  contact  does  not  extend  much  above  the  middle 
of  the  lacrymal. 
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Figs.  169  to  171.    Skulls  of  Perissodactyls.    Subclass  Placentalia,  order  Perisso- 
dactyla. 

169.  HyrachyuB  sp.  Superfamilv  Rhinocerotoidea,  family  Rhinocerotidn,  subfamily  Hyrachsome. 

Middle  Eocene,  Lower  Bridger,  OrohippuB  sone,  Bridger  baain,  Wyoming. 

170.  Ceratotherium  simum.    Family  Rhinocerotids.    White  rhinoceros.    Young  skull  with  milk 

teeth. 

171.  Tapirus  terrestrU,    Family  Tapirid«. 

194 
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In  the  later  Equidse  pari  passu  with  the  deepening  of  the  face  the 
laciymal  also  expands  in  size,  but  the  pars  facialis  always  remains  more 
or  less  square  and  never  much  resembles  the  elongate  oblique  pars 
facialis  of  the  Artiodactyla.  The  foramen  lies  in  the  primitive  position 
within  the  anterior  margin  of  the  orbit.  The  lacrymal  and  malar  fossse 
of  the  Tertiary  Equidae  will  be  discussed  in  Number  V  of  this  series  of 
studies. 

As  shown  in  Mr.  S.  H.  Chubb's  preparations,  the  wide  nasals  of 
the  horse  cover  the  expanded  nasal  and  frontal  sinuses.  The  expanded 
lacrymals  protect  the  ethmoid  region  laterally.  The  lacrymal  duct  fol- 
lows its  primitive  course  along  the  inner  side  of  the  maxilla.  In  a  zebra 
foal  the  lacrymal  is  relatively  small. 

Among  those  Eocene  perissodactyls  which  are  alUed  both  to  Eohip- 
pus  and  to  the  ancestors  of  the  Tapiridae,  Systemodon  and  Isectolophus 
have  widely  spreading  nasals,  which  apparently  were  in  contact  and  re- 
placed the  fronto-maxillary  contact.  The  same  was  true  of  the  pate- 
otheres,  of  Triplopus  cubitaliSy  which  was  perhaps  allied  to  the  Hyra- 
codontidjB,  and  of  Hyrachyus  (Fig.  169),  a  primitive  relative  of  the  lophio- 
donts  and  rhinoceroses. 

The  lacrymal  r^on  is  especially  well  shown  in  skulls  of  Hyracodon 
(Fig.  172).  Here  the  lacrymal  has  a  large  contact  with  the  nasals  and 
widely  excludes  the  frontak  from  the  maxilla.  The  pars  facialis  is  well 
developed.  In  Colonoceros  agrestis  Marsh  the  lacr3maal  had  a  well- 
developed  pars  facialis  and  was  apparently  in  contact  with  the  widely 
spreading  nasals,  the  foramen  was  internal  to  the  crista  anterior  of  the 
orbit;  a  distinct  but  small  tubercle  is  present  just  lateral  to  the  foramen. 
Similar  conditions  are  present  in  Camopus  (Fig.  173),  a  primitive  rhino- 
ceros, and  in  Eomoropus  and  Maropus  of  the  ChaUcotheriidae.  Hence  it 
is  evident  that  the  early  perissodactyls  have  a  very  distinctive  lacrymal 
region  which  differentiates  them  from  other  ungulates  with  an  expanded 
pars  facialis. 

In  the  tapirs  (Fig.  171)  the  recession  of  the  naso-maxillary  fissure 
backward  and  upward  and  the  growth  of  the  trunk  muscles  have  condi- 
tioned the  loss  of  the  pars  facialis  of  the  lacrymal  and  of  the  lacrymo- 
nasal  contact,  the  dorsal  extension  of  the  ascending  process  of  the  maxilla, 
and  the  consequent  establishment  of  a  new  fronto-maxillary  contact. 
These  conditions  are  foreshadowed  in  the  Miocene  Protapirus  but,  in 
view  of  the  apparent  constancy  of  a  naso-lacrymal  contact  in  the  earlier 
Perissodactyla,  the  opposite  condition  in  the  tapirs  appears  to  be 
secondary. 
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So  also  the  more  specialized  species  of  modern  rhinoceroses,  in  spite 
of  the  wide  naso-lacrymal  contact  of  their  early  Tertiary  predecessors, 
tend  to  lose  this  contact,  apparently  because  the  nasals  become  some- 
what drawn  forward  under  the  horns,  so  that  in  both  the  Black  Rhino- 
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Figs.  172,  173.    Skulls  of  Hyracodon  and  Ccenopus.    Subclass  Placentalia,  order 
Perissodactyla,  superfamily  Rhinocerotoidea. 

172.  Hyracodon  nebroicentia.      Family  Hjrracodontidffi,    subfamily   Hyracodon tinse.      Middle 

Oligocene,  Oreodon  sone,  Brule  formation.  South  Dakota. 

173.  Ccenopus  i^Subhyrneodon)  trigonodua.     Family  Rhinocerotidse.  Middle  Oligocene.  Oreodon 

£one,  Brule  formation,  South  Dakota. 

ceros  and  the  White  Rhinoceros  (Fig.  170)  a  slight  fronto-maxillary 
contact  is  established  even  in  very  young  skulls.  The  primitive  Rhino^ 
ceros  sondaicus  retains  the  naso-lacrymal  contact. 
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Figs.  174,    175.    Skulls  of  Manteoceras  and  Metamynodon.    Subclass  Placett- 
talia,  order  Perissodactyla. 

174.  Mantfoceras  waahakiensis.    Superfamily  Brontotheroidea,  family  Brontotheriidee,  subfamily 

Manteoceratin».    Middle  Eocene,  Lower  Washakie,  Uintatherium  lone,  Wyoming. 

175.  Metamynodon  planifront.    Superfamilv  Rhinoceratoidea,  family  Amynodontida.     Middle 

Oligocene,  Oreodon  lone.  Lower  Bnile  formation,  South  Dakota. 
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Gakopit/iecus 


A'o  3633  AM. 


178 


n^antuiu^  A  M. 


/f/iync/tocyon  daudii       a/o  494^0  aa\. 


Figs.  176  to  179.     Skulls  of  Tupaioids  and  Gakopithecus.    Subclass  Placentalia, 
orders  Menotyphla,  Dermoptera. 


176.     Tupaia  sp.     Order  MenotvphU,  family  Tupaiidee,  subfamily  Tupainse. 
'"'       '  '      *"      Order  Menotypnla,  family  Macroscelid' ' 

,  \iacToscelides)  sp.     Order  MeDotyphla,  family  Mi 
179.     Oaleopilhecus  sp.     Order  Dermoptera,  family  Galeopithecidee. 


177.  Rhynchocyon  claudii.     On 

178.  Elephantulus  iMacroacelides)  sp.     Orcfer  MeDotyphla,  family  Macroscelidids. 
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Among  the  titanotheres  all  the  numerous  Eocene  genera  which 
have  been  investigated  by  Professor  Osbom  and  the  writer  have  proxi- 
mally  spreading  nasals  which  are  in  contact  with  the  lacrymals  and  ex- 
clude the  frontal  from  contact  with  the  maxilla.  The  lacrymal  in  all 
these  animals  forms  the  anterior  rim  of  the  orbit  and  has  no  pars  facialis. 
The  tubercle  is  prominent  and  the  large  duct  is  just  within  the  border 
of  the  orbit  (Fig.  174). 

In  the  later  titanotheres  the  anterior  apophyses  of  the  frontals 
partly  overlap  the  nasals  and  with  them  give  rise  to  the  rapidly  progres- 
sive, "horns'^*  but  the  frontals  never  gain  contact  with  the  maxilla. 
The  extreme  development  of  the  "horns"  conditions  the  growth  of  a 
lateral  supporting  pillar  in  front  of  the  eyes,  which  is  formed  from  the 
nasals,  frontals,  lacrymals,  and  jugals. 

Menotyphla 

The  tupaioid  '4nsectivores"  are  widely  removed  from  the  true 
insectivores  and  are  probably  survivors  of  the  pre-Tertiary  ancestral 
lemuroid  stock.*  The  group  appears  to  be  represented  in  the  Lower 
Eocene  by  the  Plesiadapidse,^  which  are  remotely  allied  to  the  Ek)cene 
lemuroids. 

In  the  recent  Tupaia  (Fig.  176)  the  snout  is  more  or  less  conical, 
the  frontals,  maxilte,  and  lacrymals  widely  expanded,  to  cover  the  large, 
highly  convulated  ethmoid  scrolls.  The  orbit  is  deep  and  sharply  rimmed 
by  the  jugal,  lacrymal,  and  frontal.  The  lacrymal,  as  is  usual  in  such 
cases,  is  prominently  developed  on  the  well-rimmed  projecting  margin 
of  the  orbit.  It  has  a  well-developed  pars  facialis,  the  tubercle  is  marginal 
and  the  foramen  medial  to  the  tubercle.  There  is  a  well-marked  fronto- 
maxillary  contact.  In  Ptilocerciis  the  pars  faciaUs  bears  a  depression 
which  is  apparently  for  the  preorbicularis  muscle.  The  foramen  is 
marginal,  almost  in  front  of  the  orbit;  the  lacrymal  region  as  a  whole  is 
lemur-like  (Gregory,  1910,  Fig.  21,  p.  273). 

Among  the  Macroscelididse  the  lacrymal  region  of  Rhynchocyon 
(Fig.  177)  agrees  in  essentials  with  that  of  Tupaia.  The  frontal  region 
is  even  wider.  There  is  a  deep  fossa  for  the  maxillo-labialis  superior  on 
the  side  of  the  maxilla  in  front  of  the  lacrymal.  In  Macroscelides  and 
allied  genera  (Fig.  178)  the  anterior  rim  of  the  orbit  is  squeezed  between 


'1910,  BuU.  Amer.  Mua.  Nat.  Hiat.,  XXVII.  pp.  279,  280,  321,  322;  1913.  Bull.  Geol.  Soc.  Amer., 
pp.  247-252. 

'1920.  Mem.  Amer.  Mus.  Nat.  Hiat.,  (N.  S.)  Ill,  part  2.  See  also  Matthew,  W.  D.,  1917,  Bull. 
Amer.  Mus.  Nat.,  XXXVIII,  pp.  836-838. 
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the  large  eye  and  the  facial  muscles,  and  the  marginal  part  of  the  lacry- 
mal  together  with  the  pars  facialis  is  much  reduced. 

Dermoptera 
In  Galeopithecus  (Fig.  179),  which  may  well  be  remotely  related  to 
the  Menotyphla,  the  general  conformation  of  the  facial  region  is  some- 
what similar  to  that  of  Rhynchocyon,  except  that  the  whole  muzzle  is 
now  very  broad  and  more  or  less  inflated.  The  orbits  are  sharply  rimmed 
above  and  in  front,  the  lacrymal  giving  a  prominent  orbital  rim.  The 
pars  facialis  is  extended.  The  fronto-maxillary  contact  is  reduced.  The 
foramen  is  within  the  orbital  rim. 

Chiroptera 

In  the  Microchiroptera  sutures  are  very  herd  to  make  out  but  in  a 
foetal  specimen  of  Saccolaimus  -pelt,  kindly  placed  at  my  disposal  by  Mr. 
Herbert  Lang,  there  is  a  vacuity  on  the  inner  wall  of  the  orbit  between 
the  maxilla  and  the  frontal,  which  may  have  been  filled  either  by  the 
lacrymal  or  by  the  os  planum  of  the  ethmoid.  In  an  adult  Saccolaimus 
the  small  lacrymal  foramen  is  on  the  raised  anterior  rim  of  the  orbit. 
There  is  certainly  no  pars  facialis.  The  fronto-maxillary  contact  is 
large. 

In  the  Macrochiroptera  the  lacrymal  may  readily  be  seen  in  young 
skuUs.  In  Eidolon  helvus  it  is  a  relatively  large  element  crowded  well 
forward  so  that  it  has  but  a  small  pars  orbitaUs,  which  is  vertically 
extended  and  in  contact  with  the  frontal,  the  palatine,  and  the  maxilla. 
The  pars  facialis  is  moderately  extended  and  is  separated  from  the  pars 
orbitalis  by  a  well-marked  crista  posterior.  The  pai-s  faciaUs  bears  a 
large  fossa  leading  into  a  prominent  fissure  at  the  antero-inferior  comer 
of  the  lacrymal  and  between  the  lacrymal  and  the  maxillary.  There  is 
also  a  very  small  lacrymal  foramen  on  the  posterior  rim  of  the  crista 
posterior.  The  lacrymal  is  widely  separated  from  the  jugal  by  the  maxil- 
la.   There  is  a  good  fronto-maxillary  contact. 

Thus  the  lacrymal  region  of  the  Megachiroptera  is  rather  similar 
to  that  of  a  modem  Lemur  and  this  is  very  possibly  because  in  both  these 
long-snouted  forms  the  inner  canthus  of  the  eye  has  been  shifted  for- 
ward, extending  the  pars  facialis  and  lacrymal  foramen. 

In  the  secondarily  short-snouted  Myonycteris  wroughtoni,  on  the 
other  hand,  the  pars  facialis  is  short. 

Primates 
The  lacrymal  region  (Fig.  180)  of  the  Middle  Eocene  NotharctuSj  a 
primitive  member  of  the  Lemuroidea,  has  been  briefly  referred  to  by 
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Subclass  Placentalia,  order  Primates, 


Middle  Eocene.  Lower 
Upper  Eocene, 


Figs.  180  to  184.    Skulls  of  Lemuroids. 
suborder  Lemuroidea,  series  Lemurifonnes. 

180.  Notharetus  otbomi.    Family  Adapidse,  subfamily   Notharctins. 

Bridger,  OrohippuB  >one,  Bridger  basin,  Wyoming. 

181.  AdapxM  varUienHt  var.  bruni.    Family  Adapids,  subfamily  Adapinse. 

Pnoq>iiorite6  of  Quercy,  France.    After  Stehun. 

182.  Adapt*  iLepladapu)  magniu.    Family  Adapidee,  subfamily  Adapinae.    Upper  Eocene,  Phoe- 

phoritea  of  Quercy,  IVance.    After  Stehlin. 
182a.     Adapts  {Lepladapit)  magnus.     After  Stehlin. 

183.  MegaiadapU  orarCdidieri.    Family  Lemurids,  subfamily  Megaladapinae.     Recent,   Mada* 

gascar.    After  Standing. 

184.  Lemur  mongot.     Family  LemuridsB,  subfamily  Lemurinee.     Recent,  Madagascar. 
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« 
Dr.  Wortman  (1903,  pp.  172,  174)  and  has  recently  been  described  and 
figured  by  the  writer  (1920,  p.l55).     From  imperfect  skulls  of  the  an- 
cestral Pelycodus  it  seems  probable  that  this  type  of  lacrymal  region  even 
extended  back  into  the  Lower  Eocene. 

As  compared  with  the  lacrymal  of  more  primitive  Ek)cene  placentals, 
that  of  Noiharctus  is  characterized  by  the  reduction  of  the  pars  facialis 
and  the  anomalous  position  of  the  lacrymal  foramen,  which  lies  in  front 
of  the  lacrymal  at  the  junction  of  the  lacrymal,  maxilla,  and  jugal. 

Inunediately  below  the  frontal  the  lacrymal  bears  a  prominent 
tuberosity,  which  doubtless  served  for  the  attachment  of  the  palpebral 
ligament.  Above  the  lacrymal  and  below  and  in  front  of  the  dorsal  rim 
of  the  orbit  there  was  a  shallow  groove  on  the  frontal;  a  similar  groove 
occurs  in  Adapts  and  in  modern  lemurs;  it  may  have  been  the  anterior 
insertion  area  of  the  sheet-Uke  orbito-auricularis  muscles.  The  proximal 
end  of  the  nasals  spread  widely  beneath  the  overlapping  maxillse.  The 
jugal  came  very  close  to  or  actually  touched  the  lacrymal. 

Accordingly,  the  lacrymal  region  of  Noiharctus  was  essentially 
identicalwiththatofAckrptJS,  namely:  pars  facialis  reduced  or  wanting, 
antorbital  rim  represented  chiefly  by  a  tuberosity,  lacrymal  foramen 
forming  a  fissure  in  front  of  the  lacrymal  at  the  junction  of  the  maxilla, 
lacrymal,  and  jugal. 

The  lacrymal  region  of  Adapts  parisiensis  was  carefullj"  described 
by  Dr.  Forsyth  Major  in  1901.  Dr.  Stehlin  (1912,  pp.  1196-1198,  1251, 
1252)  has  confirmed  and  extended  Major's  account  and  has  also  described 
the  lacrymal  region  of  Adapts  (Leptadapis)  magnus.  In  comparison  with 
other  Eocene  placentals,  the  three  most  striking  features  of  the  lacrymal 
in  Adapts  are,  first,  its  small  size;  second,  the  preorbital  position  of  the 
lacrymal  foramen,  which  is  a  mere  fissure  in  front  of  the  lacrymal  and 
between  the  lacr^^mal  and  maxilla;  and,  third,  the  virtual  absence  of  a 
pars  facialis,  so  that  the  lacrymal  lies  almost  entirely  within  the  orbit. 
The  dorsal  part  of  the  pars  facialis,  immediately  below  the  frontal,  bears 
a  tuberosity  which  is  variously  developed  in  different  skulls.  This  is 
apparently  homologous  with  the  "crista  posterior"  of  the  lacrymal  of 
modern  lemurs  and  probably  represents  a  remnant  of  the  primitive 
antorbital  rim.  The  jugal  was  sometimes  in  contact  with  the  lacrynaal 
(StehUn,  1912,  pp.  1251),  sometimes  separated  from  it  by  a  narrow 
strip  of  the  maxilla  (Major,  1901,  p.  135). 

In  a  young  skull  of  Megaladapis  grandidieri  (Fig.  183)  described  by 
Dr.  Standing  (1908),  the  jugal  is  shown  in  contact  with  the  lacrymal  and 
the  lacrymal  foramen  is  marginal,  not  preorbital.    In  adult  specimens  of 
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all  three  species  of  Megaladapis  the  lacrymal  foramen  is  continuous  with  a 
large  notch  in  the  anterior  border  of  the  orbit,  recalUng  the  notch  between 
the  tuberosity  and  the  lower  border  of  the  orbit  in  Adapts,    The  pars 


187 


Daudt 


ft'ofiit/iecus 


Figs.  185  to  187.    Skulls  of  Lemuroids  (continued).    Subclass  Placentalia,  order 
Primates,  suborder  Lcmuroidea,  series  Lemurifonnes. 

185.  ProvUheetu  eomiereUi.    F&mily  IndriBids,  subfamily  Indriuns. 

186.  ArchaoUmw  edwardn.    Family  IndriBids,  subfamily  Arch»olemurin«.   Recent,  Madagascar. 

After  SUnding.     X  1. 

187.  Chiromy  ("-Dat^^entonta)  madagaMcarienna.    Family  Chiromyidse. 

facialis  of  Adapts  seems  to  be  much  less  extended  anteriorly  than  it  is  in 
the  modem  Lemur  (Fig.  184). 

In  Lepilemur  (Amer.  Mus.  No.  31251),  which  is  on  the  whole  one  of 
the  most  primitive  of  existing  lemurs,  the  pars  facialis  is  moderately 
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developed,  the  crista  posterior  and  its  tuberosity  are  prominent  and  the 
lacrymal  foramen  appears  as  a  fissure  between  the  lacrymal  bone  and 
the  notched  maxilla.    Essentially  similar  conditions  recur  in  other  genera 


FerodicUcus 


A/0  ^^972  A  A\ 


Figs.  188  to  192.    Skulls  of  Loriform  Lemuroids,  and  Tarsioids.     Subclass 

Placentalia,  order  Primates,  suborders  Lemuroidea,  Tarsioidea. 

188.     Perodictieiu  potto.    Series  Loriformes.  family  Loriaidse,  (Nvcticebidse),  subfamily  Lorisine. 
Onlago  elegantulus.     Series  Loriformes,  family  Lorisidse,  subfamily  Galaginffi. 
Neerolemur  antiquua.     Family  Necrolemuridse.    Middle  (?)  Eocene?  Phosphorites  of  Quercy, 

France.     After  Stehlin.      X  H. 
Tetonitu  ('*  Anaptomorphus")  homunculut.    Family  Tarsiidse.    Lower  Eocene,  Coryphodon 
xone.  Gray  Bull  beds,  Bighorn  basin,  Wyoming.    After  Matthew.     X    1 . 
192.     Tarsiiu  spectrum.     Family  Tarsiidie.     Recent,  Borneo.   XI. 


189. 
190. 


191. 


of  modern  Lemuridae,  the  most  variable  features  being  the  extent  of  the 
pars  facialis,  which  is  short  in  the  short-faced  Hapakmur  {Mioxicehus) 
and  exceptionally  large  in  adult  Lemur.  In  the  specimen  of  Mixoicebus 
caniceps  figured  by  EUiot  (1912,  I,  PI.  xiv)  the  lacr3Tnal  foramen  is 
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represented  by  a  long  anteroposterior  fissure  on  the  side  of  the  face, 
corresponding  to  the  direction  of  the  lacrymal  canal. 

Among  the  Indrisidse,  Propithecus  (Fig.  185)  has  a  lacrymal  which 
is  fundamentally  similar  to  that  of  Noiharctus  except  that  the  pars 
facialis  is  larger  as  well  as  the  lacrymal  canal  and  foramen.  Meso- 
propithecus  (Standing,  op,  city  PL  xxii)  and  Indris  (Milne  Edwards, 
PL  xxxiii)  show  only  minor  variations  of  the  same  type,  while  in 
Lichanotus  (Avahis'  Milne  Edwards,  PI.  xlv,  Major,  Text  fig.  43),  in 
accordance  with  the  secondary  abbreviation  of  the  muzzle,  the  pars 
facialis  is  very  short  and  the  foramen  is  marginal  rather  than  preorbital 
in  position. 

As  PcdcBopropithecus  is  clearly  a  degenerate  relative  of  Indris,  it  is 
not  surprising  to  find  its  lacrymal  region  (Standing,  Pis.  xi,  xii)  in  the 
main  similar  to  that  of  the  last-named  genus,  save  that  the  lower  orbital 
rim  (crista  anterior)  formed  by  thef  maxilla  is  more  prominent  and  pro- 
jects farther  forward  and  that  the  foramen  in  one  sense  is  not  preorbital 
in  position,  although  it  is  in  front  of  the  lacrymal  bone. 

In  Archceokmvr  (Fig.  186)  the  lacrymal  recalls  that  of  Adapis  and 
is  comparatively  primitive.  In  Chiromys  (Fig.  187)  the  enlargement  and 
rodent-like  form  of  the  incisors  has  stimulated  an  upward  and  backward 
growth  of  the  premaxilla,  which  gains  contact  with  the  frontal  and  even 
with  the  lacrymal,  crowding  the  ascending  process  of  the  maxilla  into  a 
narrow  strip  and  widely  separating  it  from  the  frontal.  But  in  other 
respects  the  lacrymal  of  this  animal  is  essentially  similar  to  that  of 
Propithecus  (Fig.  185). 

Among  the  more  primitive  of  the  loriform  lemuroids  (Figs.  188,  189) 
the  lacrymal  is  essentially  similar  to  that  of  Adapis  save  that  the  lacry- 
mal foramen  is  larger  and  that  the  lacrymal  itself  is  usually  separated 
from  the  jugal  by  the  maxilla.  Apparently  the  jugal  has  retreated  from 
ita  primitive  contact  with  the  lacrymal  while  its  postorbital  branch  be- 
comes relatively  large.  Further  enlargement  of  the  eyes  merely  em- 
phasizes these  conditions,  as  in  the  smaller  Galaginse  {Hemigalago, 
Golago  elegantulus). 

In  Loris  and  Nycticebus,  as  observed  by  Forsyth  Major  (1901,  pp. 
140-141),  the  lacrymal  is  vestigial  or  wanting,  its  place  on  the  inner 
wall  of  the  orbit  being  more  or  less  usurped  by  an  element  which  was 
identified  by  Major  as  the  **os  planum"  or  lateral  exposure  of  the 
ethmoid.*  The  lacrymal  foramen  in  all  the  Lorisidse  is  well  developed 
and  is  preorbital  in  position. 


»The  observationa  of  Dr.  Wood  Jonee,  (1917,  Proc.  Zool.  Soc.  London,  pp.  323-329)  show  that 
the  so-called  oe  planum  in  Lemur  catta  is  more  probably  the  anterior  plate  of  the  palatine  and  that  it 
ii  extremely  difficult  or  impossible  to  distinguish  the  sutures  on  the  medial  wall  of  the  orbit  in  many 
adnlt  lemuroids. 
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The  lacrymal  region  of  Necrolemur  (Fig.  190)  has  been  described 
and  figured  by  StehUn  (1916,  pp.  1343,  1344)  and  is  well  shown  in  a 
specimen  kindly  loaned  to  the  writer  by  the  curators  of  the  Museum  of 
Comparative  Zoology  at  Cambridge,  Mass.  The  lacrjTnal  forms  a 
prominent  rim  on  the  anterior  border  of  the  enlarged  orbit,  and  has  a 
small  pars  faciaUs;  the  foramen,  as  in  the  loriform  lemuroids,  is  preorbital 
in  position.  Stehlin  says  that  the  lacrymal  as  a  whole  recalls  that  of 
Opoletnur  {Aiililemur)  thomasiy  one  of  the  Lemuridae.  In  this  animal  the 
lower  end  of  the  lacrymal  touches  or  nearly  touches  the  jugal  and  the 
same  may  be  true  of  Necrolemur.  The  ascending  process  of  the  maxilla 
bears  the  usual  fossa  for  the  insertion  of  part  of  the  orbicularis  palpe- 
brarum muscle  (Stehlin,  1916,  p.  1345). 

In  the  Lower  Eocene  tarsioid  Tetonius  (Anaptomorphus)  homun- 
cuius  (Fig.  191)  the  small  lacrymal  bears  a  prominent  vertical  ridge 
(crista  posterior)  on  the  anterior  rim  of  the  orbit.  To  this  ridge  was 
doubtless  attached  the  palpebral  ligament.  In  front  of  the  ridge  was  a 
depression  which  may  have  marked  the  attachment  of  the  orbicularis 
palpebrarum  muscle.  The  lacrymal  foramen  was  very  probably  pre- 
orbital in  position  as  it  is  in  Tardus  and  Necrolemur,  The  lacrymal  is 
widely  separated  from  the  jugal  by  the  maxillary  which  forms  the  greater 
part  of  the  rim  of  the  orbit  anteriorly. 

The  morphological  significance  of  the  above  described  conditions 
of  the  lacrymal  region  of  the  lower  primates  has  been  interpreted  quite 
differently  by  Forsyth  Major  (1901,  pp.  150-152)  and  Wortman  (1903, 
pp.  406).  Dr.  Forsyth  Major^s  interpretation  of  the  evidence  was  as 
follows: 

As  to  the  Prosimue,  if  in  the  future  we  come  upon  fonns  in  the  Middle  or  Lower 
Tertiaries  exhibiting  a  facial  expansion  of  the  lacrymal,  and  a  facial  fossa  1.,  it  wiU 
then  be  the  time  to  ventilate  the  question  whether  a  similar  condition  might  after  all 
be  the  primitive  one  in  the  Prosimi».  For  the  present  we  have  to  reckon  only  with 
the  known  facts.  In  Adapis  parisiensis  we  have  found  the  fossa  lacrymalis  as  well 
as  the  whole  bone  to  be  inside  the  orbit ;  the  lacrymal  is  fairly  large.  From  this  condi- 
tion, the  form  of  the  lacr3rmal  of  recent  Lemurs  generally  can  have  been  arrived  at 
by  the  development  of  a  crista  posterior;  that  of  the  non-Malagasy  Lemurs,  besides, 
by  a  gradual  reduction  of  the  lacrymal;  that  of  the  Malagasy  Lemurs,  on  the  con- 
trary, by  an  increase  in  sixe  of  the  pars  facialis.  The  large  expansion  of  the  lacr3rmal 
on  the  face  and  the  anterior  bordering  of  the  canaUs  by  the  latter  bone,  both  characters 
which  among  the  FrosimisB  occur  only  in  the  Malagasy  Lemurs,  are  rather  an  excep- 
tion within  this  group;  they  go  hand  in  hand  with  the  elongation  of  the  facial  cranium 
generally.  As  a  rule  in  the  Malagasy  Lemurs  the  pars  facialis  is  of  moderate  sixe, 
and  the  anterior  boundary  of  the  fossa  is  provided  by  the  maxilla.  In  the  Oriental 
and  Ethiopian  Lemurs  the  maxilla  always  borders  the  fossa  to  a  large  extent  and 
chiefly  in  front;  the  pars  facialis  is  reduced  to  a  minimum;  the  pars  orbitalis  is  also 
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reduced,  owing  chiefly  to  the  encroachment  of  the  planum.  In  twp  genera  (LoriSj 
Nydicebus)  the  lacrymal  disappears  entirely  from  the  outer  side  of  the  cranium,  out- 
side and  inside  the  orbit. 

Sunmiing  up,  and  in  order  to  arrive  at  a  generalization,  the  following  points  are 
to  be  insisted  upon: — 

A  great  facial  expansion  of  the  lacr3rmal,  and  particularly  its  extension  beyond 
the  fossa  lacrymalis, — 

1.  Does  not  occur,  the  converse  being  the  case,  in  the  one  Tertiary  Lemur  of 
which  the  lacrymal  region  is  known; 

2.  It  is  scarcely  more  frequent  in  Lemurs  than  in  the  higher  groups;  the  great- 
est reduction  of  the  lacr3rmal  occurs  precisely  within  the  Prosimi»; 

3.  It  is  at  its  minimum  in  young  individuals; 

4.  The  genera  of  each  group  in  which  this  character  is  presented  have  certainly 
no  closer  relationship  with  those  of  another  group; 

5.  It  can  always  be  traced  back  to  an  elongation  of  the  facial  cranium,  neces- 
sitated by  a  more  powerful  dentition. 

The  conclusion  is  that  a  great  facial  expansion  of  the  lacr3rmal,  and  particularly 
its  extension  beyond  the  fossa  lacrymalis  is,  in  the  Lemurs,  as  well  as  in  the  Monkeys, 
not  a  primitive  condition,  but  an  extreme  specialization. 

With  these  conclusions  those  of  the  present  writer  would  very 
largely  coincide,  especially  since  the  discovery  of  the  lacrymal  region  of 
the  Middle  Ek)cene  Nothardus  (which  in  the  vast  majority  of  its  skeletal 
characters  is  in  a  primitive  lemuroid  stage  of  evolution)  materially 
strengthens  Dr.  Forsyth  Major's  view  that  the  conditions  of  the  lacry- 
mal region  of  Adapts  are  essentially  ancestral  to  those  in  modem  lemurs. 
It  is,  however,  apparently  not  necessary  to  assume  with  Dr.  Major  that 
the  crista  posterior  of  the  lacrymal  of  modern  lemurs  represents  a  new 
development;  to  the  writer  it  appears  to  be  merely  a  remnant  of  the 
lacrymal  part  of  the  primitive  antorbital  rim,  which  has  become  sepa- 
rated from  the  lower  part  of  the  rim  (crista  anterior). 

Dr.  J.  L.  Wortman  (1903,  p.  406),  citing  Dr.  Forsyth  Major's 
studies,  states  that: 

From  his  (Major's)  investigations  we  learn  that,  with  the  single  exception  of 
Nesapithecus,  a  highly  developed  extinct  type  from  Madagascar,  all  the  lemurs  possess 
an  enlarged  lachrymal  which  reaches  beyond  the  orbit,  while  the  external  opening  of 
the  lachrymal  canal  is  situated  upon  the  side  of  the  face. 

In  connection  with  this  passage  Dr.  Worthman  says  on  page  407: 
The  large  lachr3rmal  with[the  opening  of  the  canal  extraorbital  in  position  is 
undoubtedly  the  primitive  condition.  This  is  demonstrated  by  reference  to  the 
Marsupials,  in  some  of  which,  notably  MyrmecobiuSj  it  is  unusually  large  and  sends 
a  considerable  spur  outward  upon  the  zygoma  to  join  the  malar.  In  all  Insectivora, 
Rodentia  and  primitive  Camivora,  the  enlarged  lachr3rmal  as  well  as  the  ex- 
traorbital position  of  the  canal  is  so  far  as  I  am  aware  universal. 
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The  writer,  on  the  contrary,  finds  it  impossible  to  accept  these  state- 
ments and  this  conclusion  and  is,  therefore,  moved  to  make  the  following 
comments. 

1.  The  condition  of  the  lacr^'^mal  region  in  recent  marsupials 
assuredly  does  not  *' demonstrate"  that  the  "large  lachrymal  with  the 
opening  of  the  canal  extraorbital  in  position"  is  the  primitive  condition 
for  lemurs,  which  are  specialized  placental  manmials  very  widely  re- 
moved from  the  existing  marsupials. 

2.  The  conditions  in  Myrmecohius  seem,  to  the  writer,  obviously 
not  primitive  as  compared  with  the  conditions  in  most  other  polyproto- 
dont  marsupials  (see  page  143  above). 

3.  The  position  of  the  lacrymal  foramen  in  marsupials  is  essen- 
tially different  from  the  "extraorbital  position"  of  this  foramen  in 
modern  lemurs,  since  in  the  former  case  the  foramen,  or  at  least  one  of 
the  lacrymal  foramina,  is  either  behind  the  antorbital  rim  or  is  marginal, 
while  in  lemurs  it  is  typically  in  front  of  the  lacrymal  bone,  forming  a 
groove  or  fissure  between  it  and  the  maxilla. 

4.  All  Insectivora,  Rodentia  and  primitive  Camivora  assuredly 
do  not  have  either  the  enlarged  lacrymal  or  the  extraorbital  position  of 
the  canal  (  =  posterior  opening  of  the  canal  ?).  The  facts  are  indeed 
quite  different.  Eocene  Carnivora  show  the  pars  facialis  in  various 
degrees  of  development.  It  appears  to  be  only  moderately  developed 
in  the  very  primitive  Deltaiherium  and  widely  extended  on  the  face  in 
the  relatively  highly  specialized  Mesonychidse  and  Hysenodontidae. 
The  lacrymal  foramen  in  primitive  carnivores,  so  far  as  the  writer  has 
been  able  to  observe,  is  behind  the  antorbital  rim  and  never  in  front  of  the 
lacrymal  bone,  between  the  lacrymal  and  the  maxilla,  as  it  is  in  typical 
lemurs. 

The  adult  erinaceoid  insectivores,  from  the  Oligocene  onward,  have 
little  if  any  pars  facialis  and  the  foramen  is  marginal.  According  to 
W.  K.  Parker^s  figures  of  Erinaceus  embryos  and  young  (1885,  Pis. 
xvii-xx),  the  lacrymal  foramen  in  the  young  stages  is  behind  the  crista 
anterior  of  the  maxilla  and  therefore  fully  within  the  orbit.  In  the  young 
Talpa  (PI.  xxvi)  and  Sorex  (PI.  xxxi),  on  the  other  hand,  the  foramen  is 
definitely  preorbital  and  (Talpa)  in  front  of  the  lacrymal.  In  the  primi- 
tive zalambdodont  Nesophontes  the  foramen  is  marginal;  in  the  special- 
ized Centetes  and  SoUnodorij  on  the  other  hand,  the  foramen  comes  to 
lie  in  front  of  the  lacrymal.  And  none  of  these  have  a  true  pars  facialis, 
that  portion  of  the  orbit  which  remains  being  undoubtedly  the  pars 
orbitalis.    In  the  primitive  Eocene  rodents  of  the  family  Ischyromyidae 
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the  pars  facialis  of  the  lacrymal  is  small  and  the  foramen  is  marginal 
or  behind  the  antorbital  rim. 

5.  In  the  most  primitive  Condylarthra,  Amblypoda,  Rodentia, 
Taeniodonta,  Artiodactyla,  Perissodactyla,  Menotyphla,  etc.,  the 
lacrjonal  foramen  is  behind  the  antorbital  rim,  while  in  many  other 
placental  mammals  it  is  marginal,  but  it  is  only  in  forms  which  the  writer 
regards  as  specialized  that  the  foramen  shifts  forward  along  the  lacrymal 
duct  to  a  position  in  front  of  the  lacrymal. 

6.  As  already  noted  by  Forsytff  Major,  the  extent  of  the  pars 
facialis  is  variable  in  recent  lemurs,  attaining  the  maximum  in  adult 
specimens  of  the  genus  Lemur  and  being  much  less  in  young  specimens 
and  in  all  the  Indrisidse  and  Nycticebidae.  Hence  it  seems  reasonable  to 
infer  that  the  extended  pars  facialis,  when  it  does  occur,  is  a  secondary 
character,  the  more  so  as  this  character  is  the  opposite  of  what  is  known 
in  the  Ek)cene  lemuroids  Adapts  and  Nothardus. 

Up  to  the  present  time  apparently  no  one  has  attempted  to  discover 
the  functional  significance  either  of  the  extended  pars  facialis  of  Lemur 
or  of  the  extreme  anterior  position  of  the  lacrymal  foramen  in  all  the 
Lemuroidea  and  Tarsioidea.  As  to  the  first  character,  cross-sections  of 
the  skull  of  Lemur  varius  show  that  the  whole  nasal  cavity  (which  is  of 
itself  uniisuallv  large  as  compared  with  that  of  higher  primates)  is  sur- 
rounded by  a  system  of  greatly  inflated  sinuses  which  communicate  with 
the  antrum  and  which  have  already  been  noticed  in  other  connections  by 
Forsyth  Major  (1901,  pp.  26).  These  sinuses  are  covered  externally 
partly  by  the  lacrymal  bone,  of  which  both  the  pars  orbitalis  and  the 
pars  faciahs  are  in  consequence  excessively  large.  Similar  but  smaller 
sinuses  are  present  in  other  Lemuridae  and  IndrisidsB.  But  in  the  lori- 
form  Lemuroidea,  and  still  more  in  Tarsius,  the  marked  reduction  of  the 
nasal  cavity,  and  the  crowding  together  of  the  orbits  toward  the  mid- 
line, are  associated  both  with  a  reduced  lacrymal  and  a  reduced  system 
of  sinuses.  Somewhat  parallel  conditions  may  be  observed  in  marsupials, 
the  excessively  large  lacrymal  of  Myrmecohius  being  associated  with  an 
equal  development  of  the  lacrymal  sinus. 

The  apparent  explanation  of  the  anterior  position  of  the  lacrymal 
duct  has  been  gained  by  dissection  of  the  orbital  region  of  an  ordinary 
Lemur.  It  was  then  seen  that  the  eyes  bulge  from  their  sockets,  that  the 
inner  canthus  of  the  eye  is  carried  far  forward  and  with  it  the  lacrymal 
foramen.  This  condition  becomes  very  pronounced  in  the  smaller 
Nycticebidae  and  still  more  in  Tarsius.  From  the  forward  position  of 
the  lacrymal  foramen  in  Nothardus  and  Adapis  as  compared  with  other 
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Figs.  193  to  196.    Skulls  of  apes  and  monkeys.    Subclass  Placentalia,  order 
Primates,  suborder  Anthropoidea. 

193.  AlouaUa  {Mycetea)  beeUebid.  Series  Platyrrhiiue,  family  Cebids.    Young  skull,  pi,  06  planum. 

194.  Chrysothriz  sp.     Series  Platyirhinse,  family  Cebidse.     Yo\mg  skull. 

195.  Cacaiao  cdlvus.     Series  Platyrrhinff,  family  Cebidae. 

196.  Troglodytf  (=Pan)  sp.     Series  Catarrhinffi,  family  Simiidse. 
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Eocene  placentals,  it  is  legitimate  to  infer  that  even  in  these  early 
primates  the  protrusion  of  the  eyes  and  the  forward  shifting  of  the  inner 
canthus  of  the  eye  had  already  begun.  That  their  eyes  were  of  lemuroid 
iyipe  is  also  indicated  by  the  whole  conformation  of  the  orbital  region. 

With  relatively  minor  variations  and  irregularities  (described  by 
Major),  a  single  type  of  lacrymal  runs  through  all  the  Platyrrhina?  (Figs. 
193-195)  and  CatarrhincB  from  Mycetes  {Alouaita,  Fig.  193)  to  the  higher 
apes  (Fig.  196)  and  to  man. 

This  fundamental  unity  of  type  is  connected  with  the  forward 
direction  of  the  orbits,  with  the  great  increase  in  depth  of  the  frontal 
region  and  with  the  narrowing  and  retraction  of  the  muzzle,  these 
changes  being  in  turn  partly  correlated  with  the  forward  growth  of  the 
frontal  region  of  the  brain  and  with  the  change  in  the  normal  position 
of  the  head  on  the  backbone,  connected  primarily  with  sitting  and 
brachiating  habits. 

Typically,  the  lacrymal  is  a  small  and  vertically  extended  bone 
appressed  to  the  inner  wall  of  the  orbit  and  having  Uttle  or  no  pars 
facialis.  The  lacrjonal  foramen,  or  fossa,  is  typically  in  front  of  the 
lacrymal  and  between  the  lacrymal  and  maxilla,  but  in  some  cases, 
(baboons,  adult  Mycetes)  in  connection  with  the  secondary  elongating 
of  the  face,  the  lacrjmoial  foramen  is  displaced  backward  so  as  to  pierce 
the  lacrymal  bone,  the  rule  being  that  the  position  of  the  foramen  is 
governed  in  part  by  the  position  of  the  inner  canthus  of  the  eye  and  by 
the  inclination  of  the  lacrymal  duct,  which,  in  turn,  is  correlated  with  the 
depth  and  length  of  the  face. 

Among  the  Platyrrhina^,  the  variable  development  of  maxilla,  lacry- 
mal, and  frontal  often  brings  about  a  retreat  of  the  maxilla  from  the 
frontal,  a  loss  of  the  fron to-nasal  contact,  and  the  estabUshment  of  a 
nasol-acrymal  contact;  but  in  many  other  cases  observed  by  Dr. 
Forsyth  Major  (1901,  pp.  143-147)  the  maxillo-frontal  contact  is  re- 
tained. The  precise  position  and  limits  of  the  lacrymal  fossa  are  usually 
quite  variable.  The  lacrjonal  itself  varies  widely  in  size,  being  sometimes 
very  small  (Midas),  sometimes  fairly  large  (adult  Mycetes) y  this  depend- 
ing in  part  on  the  size  of  the  muzzle.  So  much  of  the  jugal  is  devoted  to 
the  formation  of  the  postorbital  rim  and  partition  that  the  jugal  is  widely 
separated  from  the  lacrymal,  leaving  the  maxilla  to  form  the  crista 
anterior  of  the  orbit.  On  the  inner  wall  of  the  orbit  the  lacrymal  (Fig. 
193)  is  in  wide  contact  with  the  os  planum  (pi)  of  the  ethmoid,  as  in 
most  of  the  higher  primates. 
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In  the  catarrhine  division  of  the  Anthropoidea  (which  division  is 
here  understood  as  including  the  Old  World  monkeys,  anthropoids  and 
man)  the  maxilla  usually  retains  its  contact  with  the  frontal  in  spite  of 
the  deepening  of  the  face,  so  that  a  naso-lacrymal  contact  is  very  excep- 
tional. The  lacrjrmal  is  essentially  of  the  human  type  with  only  minor 
and  variable  differences.  Usually  the  lacrymal  groove  or  fossa  is  between 
the  lacrymal  and  maxilla  but  in  some  cases,  especially  in  connection  with 
the  secondary  elongation  of  the  face  in  some  baboons  (Major,  PL  xi, 
fig.  9),  the  foramen  may  be  entirely  surrounded  by  the  lacrymal.  In 
the  gibbon,  orang,  some  chimpanzees,  and  man  the  lacrymal  is  normally 
in  wide  contact  with  the  os  planum  of  the  ethmoid,  but  sometimes  this 
contact  is  replaced  by  a  contact  between  the  orbital  walls  of  the  frontal 
and  of  the  superior  maxilla,  the  latter  being  thrust  up  between  the 
lacrj^mal  and  the  os  planum.  This  is  said  to  be  the  normal  disposition 
in  the  gorilla  and  chimpanzee  (Cunningham,  1903,  p.  134),  and  occurs 
as  a  variant  in  man. 

Taken  in  connection  with  the  fundamental  unity  of  construction  of 
the  auditory  region  and  indeed  of  the  whole  skull  throughout  the  Platyr- 
rhina)  and  Catarrhinaj,  the  lacrymal  region  offers  additional  evidence  for 
the  traditional  view  that  the  suborder  Anthropoidea  is  a  natural  group. 
In  both  the  Platyrrhinae  and  the  Catarrhinse  the  retreat  of  the  lacrymal 
within  the  orbit  is  carried  to  its  logical  extreme  along  with  the  extreme 
forward  turning  of  the  eyes  and  the  consequent  inward  shifting  of  the 
inner  can  thus  of  the  eyes.  From  this  line  of  development  Tarsiris  afiid 
all  the  modernized  lemurs  are  definitely  ruled  out  through  the  forward 
shifting  of  the  lacrymal  correlated  with  bulging  eyes  directing  partly 
outward ;  but  the  lacrymal  region  of  the  primitive  lemurif orm  Nothardus, 
as  Dr.  Wortman  well  observes  (op,  cit,^  p.  410),  could  readily  give  rise 
to  that  of  the  Platyrrhinse  and  thus  to  that  of  all  higher  primates. 

SUMMARY  OF  THE  EVOLUTION  OF  THE  LACRYMAL  BONE 
The  present  study,  in  the  writer ^s  judgment,  lends  strong  support 
to  the  so-called  **Cuvierian  concept '':  namely,  that  the  lacrymal  of 
manmials  is  the  homologue  of  the  lacrymal  of  the  Crocodilia,  as  named 
by  most  authors  up  to  the  time  of  Gaupp  and  Jaekel,  who,  on  the  con- 
trary, held  that  the  Cuvierian  concept  was  erroneous  and  that  the  lacry- 
mal of  manmials  had  been  derived  from  the  so-called  prefrontal  of  rep- 
tiles.i 

Arising  as  a  derm  bone,  one  of  the  circumorbital  series  in  the 
rhipidistian  fishes,  the  lacrymal  has  primary  contacts  with  the  prefrontal, 

>  See  also  Addendum,  p.  263. 
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the  jugal,  and  possibly  with  the  parethmoid,  or  lateral  ossific  center  of 
the  olfactory  capsule,  as  well  as  with  the  palatine.  The  lacrymal  in 
primitive  fish  is  traversed  by  the  suborbital  branch  of  the  lateral  line 
canal;  according  to  Watson  this  duct  may  well  have  given  rise  to  the 
naso-lacrjrmal  duct,  an  epithelial  derivative  with  which  the  lacrymal 
bone  is  always  typically  associated. 

In  the  earliest  Tetrapoda  the  circumorbital  series  of  bones  are  be- 
coming better  differentiated  from  each  other  and,  in  the  oldest  reptiles, 
the  jugal  and  squamosal  show  the  beginning  of  the  zygomatic  arch. 
The  appearance  of  the  temporal  fossa  in  the  early  synapsid  reptiles 
was  also  a  significanlf  stage. 

As  we  pass  from  the  lower  to  the  higher  classes  of  vertebrates  and 
from  the  more  primitive  to  the  more  specialized  members  of  each  class, 
we  observe  in  general  a  marked  reduction  in  the  number  of  derm  bones 
covering  the  skull  and  attached  structures.  Thus  the  teleostomous 
fishes  have  by  far  the  highest  number.  The  earliest  Amphibia  have 
already  lost  all  the  bones  of  the  opercular  series,  while  the  modern 
Amphibia  usually  have  an  impoverished  skull,  lacking  thepostfrontal,^  the 
intertemporal,  the  supratemporal,  postorbital,  dermosupraoccipital, 
tabular,  and  other  elements.  The  birds  lose,  among  others,  the  elements 
of  the  upf)er  temporal  arch,  while  the  manmials  sacrifice  the  pre-  and 
postfrontals,  postorbitals,  intertemporal,  supratemporals,  tabulars, 
quadratojugals,  and  several  elements  of  the  lower  jaw.  The  lacrymal 
bone  oft^n  shares  the  fate  of  these  other  elements,  especially  in  many 
modem  Amphibia,  and  in  Chelonia,  Ophidia,  Rhynchocephalia, 
and  birds;  in  the  last  three  groups  the  place  of  the  lacrymal  is  usurped 
by  the  prefrontal.  So,  too,  among  the  manunals  the  more  primitive 
types  always  retain  the  lacrymal,  while  in  degenerate  or  h^hly  specialized 
skulls  it  is  often  reduced  (e.g.,  jElurus,  many  Ursidse,  certain  Viverridse 
and  Mustelidffi)  and  is  sometimes  lacking  (Monotremes,  ManiSy  Phoci- 
d»). 

As  the  orbit  was  doubtless  originally  near  the  anterior  end  of  the 
head,  the  lacrymal  at  first  extended  from  the  orbit  to  the  nares,  and  there 
it  has  been  found  in  many  of  the  most  ancient  and  primitive  types  of 
Amphibia  and  reptiles. 

In  early  reptiles  the  progressive  upgrowth  of  the  maxilla  covers  the 
anterior  part  of  the  lacrymal  and  is  associated  with  the  loss  of  the 
lacrymal-parethmoid  contact  and  with  the  establishment  of  a  lacrymal- 


iThk  element  is  doubtfully  recorded  in  some  of  the  Salamandrids. 
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maxillary  contact.  The  lacrymal  from  the  first  has  contact  with  the 
spreading  nasal  and  with  the  jugal.  In  this  stage,  which  is  represented 
in  the  Pelycosauria  and  Therapsida,  the  lacrymal  is  pierced  by  the  naso- 
lacrymal  duct,  the  foramen  opening  just  in  front  of  the  orbit,  the  duct 
passing  downward  and  forward  to  open  into  the  nasal  cavity. 

In  the  Diapsida  or  Archosauria,  the  lacrymal  is  primitively  a  large 
element,  often  perforated  or  bordered  by  the  antorbital  fenestra,  and 
serving  as  a  brace  between  the  upper  jaw  and  the  frontal  region  of  the 
skull. 

In  the  ancestral  manmials  the  estabUshment  of  a  dentary-squamosal 
contact  and  the  forward  growth  of  the  temporal  muscles  conditioned  the 
disruption  of  the  postorbito-jugal  contact,  the  disappearance  of  the 
postorbital,  and  perhaps  the  forward  crowding  of  the  frontal.  The  pre- 
frontal also  disappeared  and  the  only  parts  of  the  primitive  circum- 
orbital  series  remaining  are  the  lacrymal  and  the  jugal.  The  lacrymal 
of  cynodonts  gains  contact  with  the  nasal  and  retains  its  contact  with 
the  jugal.  It  is  pierced  by  one  or  two  foramina,  which  are  probably 
connected  with  the  naso-lacrymal  duct. 

By  the  loss  of  the  prefrontal  the  lacrymal  gains  a  wide  contact  with 
the  frontal,  which  it  never  loses.  This  is  the  stage  apparently  represented 
in  the  Lower  Jurassic  manunal  Tritylodon, 

The  contact  of  the  lacrymal  with  the  palatine,  which  we  find  in 
mammals,  was  established  in  many  fishes  and  was  thence  transmitted 
to  the  Stegocephalia  and  higher  vertebrates. 

In  cynodont  reptiles,  as  well  as  in  primitive  mammals,  the  lacrymal 
transmits  the  strains  from  the  zygomatic  arch  to  the  nasals,  frontals, 
maxillse,  and  palatines. 

With  the  transformation  of  cold-blooded  reptiles  into  warm-blooded 
mammals  the  stiff  mask-Uke  face  of  reptiles  is  changed  into  the  mobile 
face  of  mammals,  through  the  forward  migration  of  the  sphincter  colli 
muscles  and  the  differentiation  into  the  muscles  of  the  lips,  cheek,  and 
eyes  (Ruge). 

Part  of  the  orbicularis  muscles  (preorbicularis  dorsalis,  ventralis) 
become  attached  to  the  facial  part  of  the  lacrymal  and  the  "tarsal 
Ugamenf  of  the  eyelids  is  attached  to  the  lacrymal  on  the  lacrymal 
tubercle.  All  this  occurred  perhaps  during  the  second  half  of  the  Meso- 
zoic  Era  and  is  known  to  us  through  internal  morphological  evidence 
rather  than  by  direct  palseontological  material. 

Among  the  mammals,  the  most  primitive  known  types  of  lacr>'mal 
region  are  found  among  existing  carnivorous  marsupials  and  among  such 
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Paleocene  placentals  as  have  more  primitive  types  of  dentition.  In 
these  forms  the  skull  is  macrosmatic,  being  long  and  low  with  a  thick 
muzzle,  very  narrow  brain-case,  stout  jaws  and  zygomatic  arches,  and 
more  or  less  primitive  tritubercular  dentition.  The  eyes  are  of  moderate 
size  with  very  small  postorbital  processes.  The  prominent  antorbital 
rim  is  formed  by  the  frontals,  lacrymals,  and  jugals,  and  the  eyes  are 
directed  outward  rather  than  forward.  The  dorso-anterior  part  of  the 
antorbital  rim  protrudes  laterally  as  seen  from  above.  The  lacrymal 
at  this  stage  has  a  moderate  pars  facialis  and  the  foramen  is  behind  the 
antorbital  rim,  opening  backward.  It  also  has  contacts  with  frontal, 
nasal,  maxillary,  jugal,  and  palatine.  Its  pars  orbitalis  covers  the  lateral 
extension  of  the  ethmoid  scrolls.  Its  small  pars  facialis  serves  for  me 
attachment  of  the  orbicularis,  preorbicularis  dorsalis  and  p.  ventralis 
muscles,  and  its  tubercle  for  the  ligament  of  the  palpebral  cartilages 
and,  at  least  sometimes,  for  the  deep  fascia  of  the  frontal  region. 

In  general,  the  marsupials  have  a  more  extended  dorso-anterior 
rim  on  the  lacrymal  than  have  the  primitive  Paleocene  placentals  and  some 
of  them  retain  the  naso-lacrymal  contact  which  in  the  most  primitive 
placentals  was  early  replaced  by  a  fronto-maxillary  contact.  Perhaps 
the  most  primitive  known  examples  of  this  stage  are  Amphiproinverra 
among  the  marsupials  and  Deltatherium  among  the  Paleocene  placentals. 

Such  animals,  although  macrosmatic,  have  a  well-balanced  condi- 
tion of  the  olfactory  and  visual  organs  in  harmony  with  their  primitively 
carnivorous  or  semi-carnivorous  habits.  But  even  long  before  the 
Paleocene  epoch  various  lines  of  specialization  were  initiated  which 
eventually  resulted  in  wide  differences  in  food  habits,  dentition,  sense 
organs,  locomotor  organs,  etc.,  so  that  by  Paleocene  times  we  find  many 
specialized  placental  types  such  as  Psiitacoiherium,  Nothodedes,  Palce- 
anodon.  Fortunately,  however,  the  "persistent  primitive  types''  of 
Paleocene  and  later  times  such  as  Deltatherium^  OnychodecteSy  Hyop- 
soduSy  Miodoenus,  and  many  others  give  us  a  better  idea  of  what  the 
more  generahzed  Mesozoic  precursors  of  the  placental  orders  were  like. 

Specialization  in  food  habits,  etc.,  has  affected  the  lacrymal  region 
of  manunals  in  several  ways. 

(1)  Excessive  increase  in  the  olfactory  scrolls  of  the  ethmoid  region 
and  concomitant  widening  of  the  frontal  region  may  accompany  more 
or  less  inflation  of  the  lacrymal  region  or  of  the  sinuses  surrounding  the 
nasal  chamber,  as  in  MyrmecobiuSy  Tupaia,  GaleopithecuSy  LemuVy  and 
many  ungulates. 
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(2)  On  the  other  hand,  a  great  decrease  in  the  olfactory  region  may 
condition  the  dwindling  in  size  of  the  lacrymal,  as  in  the  microsmatic 
Lorisidse  and  Tarsiidae. 

(3)  A  dorsad  displacement  of  the  orbital  root  of  the  zygomatic 
arch  through  excessive  development  of  the  anterior  part  of  the  masseter 
may  crowd  the  lacrymal  dorsad  and  cause  its  reduction  in  size,  as  in 
PhascolomySy  rodents,  and  typotheres. 

(4)  A  backward  and  upward  growth  of  the  nasal  tract  and  sur- 
rounding muscles,  causing  the  backward  and  upward  growth  of  the 
maxillary,  may  crowd  back  the  lacrymal  and  reduce  its  pars  facialis 
as  in  the  tapir  and  the  elephant. 

(5)  The  encroachment  of  the  maxillary  upon  the  zygomatic  arch 
may  separate  the  lacrymal  from  the  jugal,  as  in  Erirmceus, 

(6)  The  encroachment  of  the  maxillary  upon  the  vertical  plate  of 
the  palatine  may  separate  the  lacrymal  from  the  palatine,  as  in  many 
insectivores. 

(7)  The  development  of  horns  or  bony  apophyses  either  in  the  orbital 
or  in  the  nasal  regions  affects  the  lacrymal  in  various  ways.  In  the 
later  titanotheres  the  lacrymal  contributes  to  the  bony  pillar  that  sup- 
ports the  ** horns"  laterally.  In  the  African  rhinoceroses  the  growth  of 
the  nasal  horns  has  perhaps  conditioned  the  forward  growth  of  the  nasals 
and  their  withdrawal  from  the  naso-lacrymal  contact.  In  the  Bovidae 
the  greatly  enlarged  pars  facialis  of  the  lacrymal  contributes  largely  to 
the  strengthening  of  the  face  below  the  horns. 

(8)  A  backward  displacement  of  the  orbit,  correlated  with  the  for- 
ward prolongation  of  the  snout,  may  condition  the  elongation  of  the 
pars  facialis  of  the  lacrymal,  as  in  OryderopuSj  Megalohyrax,  Phaco- 
chceriiSj  and  many  artiodactyls. 

(9)  An  extreme  forward  displacement  of  the  orbit  may  condition 
the  elongation  of  the  orbital  wall  of  the  lacrymal,  as  in  Manatits, 

(10)  Extreme  enlargement  and  protrusion  of  the  eyes  may  crowd 
the  lacrymal  almost  entirely  out  of  the  orbit,  its  place  being  taken  either 
by  the  os  planum  of  the  ethmoid  or  by  the  palatine,  as  in  the  Lorisidae 
and  Tarsiidae.  In  such  cases  the  lacrymal  foramen  is  crowded  out  of  the 
orbit  and  is  located  between  the  lacrymal  and  the  maxilla. 

(11)  On  the  other  hand,  a  marked  reduction  of  the  eyes  causes  the 
subsidence  of  the  antorbital  rim,  the  loss  of  the  lacrymal  tubercle,  and 
the  close  appression  of  the  orbital  wall  of  the  lacrymal  to  the  side  of  the 
frontal,  as  in  Myrmecophagaj  zalambdodont insectivores, moles, shrews, 
etc. 
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(12)  Finally,  when  the  direction  of  the  eyes  is  shifted,  so  that  they 
point  forward  rather  than  outward,  and  when,  at  the  same  time,  the 
olfactory  region  is  reduced,  we  have  a  more  or  less  complete  withdrawal 
of  the  lacrymal  into  the  orbit,  as  in  all  the  higher  monkeys,  apes,  and 
man. 

In  general,  it  may  be  said  that  the  loss  of  one  or  more  of  its  primitive 
contacts  tends  to  release  the  lacrymal  from  its  hereditary  conditions 
and  restrictions  and  to  that  extent  frees  it  for  new  lines  of  either  speciali- 
zation or  reduction. 

In  some  cases  it  would  appear  that  the  lacrymal  is  not  altogether  a 
passive  object,  which  is  pushed  and  moulded  by  its  surroundings,  but 
that  it  has,  so  to  speak,  a  certain  inherent  tendency  either  to  increase, 
as  in  the  excessively  large  lacrymal  of  many  artiodactyls,  or  to  diminish, 
as  in  the  lacrjrmal  of  many  fissiped  Camivora. 

In  conclusion,  the  form  and  size  of  the  lacrymals  of  mammals  are 
conditioned,  first,  by  intrinsic  hereditary  factors  which  cause  the  lacry- 
mal to  increase  or  to  diminish  and,  secondly,  by  several  external  factors 
such  as  the  position  of  the  orbits,  the  length  of  the  snout,  the  width  of 
the  ethmoid  region,  the  degree  of  inflation  of  'the  sinuses  around  the 
nasal  cavity,  special  developments  of  the  maxillary  and  jugal,  and  diverse 
modifications  of  the  eyes  and  circumorbital  muscles.  In  a  general  way, 
anteriorly  placed  orbits,  short  snouts,  and  a  narrow  ethmoid  region  are 
found  in  connection  with  small  lacrymals,  with  reduced  facial  exposure, 
and  vice  versa,  but  each  case  is  complicated  by  special  conditions. 

THE  LACRYMAL  PROBLEM  IN  ITS  PHYLETIC  AND  TAXONOMIC 
ASPECTS :   A  PHYLOGENETIC  REVIEW  OF  THE  VERTEBRATES 

The  elements  of  the  lacrymal  complex  being  relatively  few  in 
number,  it  is  not  surprising  to  find  more  or  less  similar  combinations 
sometimes  occurring  indef)endently  in  widely  different  groups,  so  that 
in  such  cases  a  similarity  in  the  pattern  of  the  lacrymal  region  does  not 
denote  near  relationship.  A  case  in  point  is  the  superficial  resemblance 
of  the  orbital  and  lacrymal  region  of  the  speciaUzed  cotylosaurian  genus 
Procolophon  to  those  of  certain  Uzards,  arid  another  is  the  general  similarity 
of  the  whole  face,  including  the  lacrymal,  of  MyrmecohiuSy  a  marsupial, 
Rhynchoofon,  a  menotyphlous  insectivore,  and  HomacodoUy  an  artio- 
dactyl.  Under  the  category  of  homoplastic  resemblances  belong  also 
many  of  the  cases  with  an  extended  pars  faciaUs  of  the  lacrymal,  such 
as  the  following: 
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Thylacinus Hycenodon 

(Order  Marsupialia)  (Order  Camivora) 

Oryderopus Myrmecophaga 

(Order  Tubulidentata)  (Order  Edentata) 

Megalohyrax Phacochoerus 

(Order  Hyracoidea)  (Order  Artiodactyla) 

On  the  other  hand,  the  lacrymal  region  usually  bears  so  peculiar 
and  characteristic  a  stamp  in  a  series  of  genera,  or  even  in  larger  groups, 
that  there  can  be  little  doubt  of  its  inheritance  from  a  common  ancestor. 
Good  examples  of  this  class  are  the  unity  of  general  type  of  the  lacrymal 
region  throughout  the  suborder  Anthropoidea,  the  characteristic  pat- 
terns of  the  lacrymal  in  Eocene  perissodactyls,  artiodactyls,  and  many 
other  groups. 

In  fact,  when  the  more  detailed  patterns  of  the  whole  circimiorbital 
region  of  any  two  given  examples  are  carefully  compared,  especially 
when  the  functional  significance  of  the  given  configuration  is  appreciated, 
the  deceptive  resemblances  due  to  convergence  or  homoplasy  are  easily 
recognized  and  characters  of  diagnostic  value  will  often  be  discovered. 
On  the  other  hand,  a  classification  and  a  phylogenetic  tree  of  the  verte- 
brates, if  based  on  the  characters  of  the  lacrymal  region  alone,  could 
hardly  be  expected  to  yield  imiformly  reliable  results,  because  at  the 
present  time  it  is  generally  realized  that  the  whole  is  greater  than  any  of 
its  parts  and  that,  in  order  to  be  durable,  a  phylogenetic  diagram  must 
be  based  upon  as  many  sources  of  evidence  as  possible.  Studies  by  many 
investigators  on  special  parts  and  systems,  such  as  the  auditory  region, 
the  dentition,  and  the  limb  structure,  together  with  the  far  more  numer- 
ous systematic  studies  of  zoologists  and  palaeontologists,  have  already 
provided  a  general  background  of  knowledge  concerning  the  interrela- 
tionships and  classification  of  the  vertebrates,  so  that  the  attempt  may 
now  be  made  to  integrate  with  the  general  results  already  attained  from 
other  sources  such  systematic  and  phylogenetic  evidence  as  our  study 
of  the  lacrymal  region  has  yielded. 

Dipnoi 

The  ring  of  large  plates  around  the  eye  of  Paleozoic  dipnoans 
seems  to  be,  on  the  whole,  homologous  with  the  circumorbital  ring  of 
contemporary  Crossopterygii,  since  in  both  groups  this  series  often  bears 
a  more  or  less  complete  circumorbital  branch  of  the  lateral  line  canal. 
This  fact,  taken  in  connection  with  other  evidence,  points  to  a  conmion 
origin  of  the  two  great  groups,  although  in  view  of  the  form  differences 
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of  these  elements,  both  as  between  the  larger  groups  and  as  between 
different  genera  of  the  same  group,  there  may  be  some  doubt  as  to  the 
homology  of  particular  elements  in  certain  cases.  In  any  event,  the 
patterns  of  the  eircumorbital  series  of  Devonian  Dipnoi  and  Crossop- 
terygii  are  sufficiently  different  to  indicate  a  long  pre-Devonian  period  of 
divergence  of  these  two  stocks  from  a  conmaon  ancestral  stage. 

The  eircumorbital  elements  of  Arthrodira  do  not,  to  the  writer, 
have  the  appearance  of  being  homologous  with  those  of  Dipnoi  or  of 
other  true  fish,  from  which  they  differ  widely  in  number  and  form. 

Crossopterygii 

The  typical  Palaeozoic  crossopterygians  have  four  large  eircum- 
orbital plates,  including  the  prefrontal,  lacrymal,  jugal,and  postorbital. 
The  so-called  supraorbital  looks  like  a  true  prefrontal,  while  the  "pre- 
frontal" of  Watson  and  Day  (1915)  appears  to  be  homologous  with  that 
bone  in  Amia  which  was  named  ''antorbital"  by  Sagemehl  and  Allis 
and  "preorbital"  by  Bridges.  This  dermal  preorbital  element  of  Osteo- 
lepis  seems  to  be  homologous  with  the  so-called  "anterior  frontal"^ 
(Traquair,  Wellbum)  of  Megalichthys  and  Eusthenopteron.  Apparently 
the  most  primitive  eircumorbital  pattern  in  this  order  is  that  of  Osteo- 
lepiSy  from  which  may  have  been  derived,  on  the  one  hand,  that  of 
Glyptopomus  and  eventually  of  Holoptychius  and,  on  the  other  hand,  those 
of  Rhizodopsis  and  Eusthenopteron, 

The  coelacanths  (order  Actinistia)  show  the  preorbital  and  "supra- 
orbital" (= prefrontal)  broken  up  into  a  long  tract  of  squarish  ossicles. 
The  lacrymal  is  a  triangular  bone  in  the  right  position  for  that  element, 
while  the  jugal  is  represented  by  the  enlarged  "suborbital"  (see  Good- 
rich, 1909,  p.  288,  Fig.  261).    The  postorbital  remains  in  place. 

Polypterus  (of  the  order  Cladistia),  as  would  be  expected  in  a  modem 
survivor  of  the  ancient  Crossopterygii,  exhibits  a  specialized  and  partly 
d^enerate  condition  of  the  eircumorbital  region.  Apparently  both  the 
dorsal  (prefrontal)  and  the  ventral  (jugal)  members  of  the  eircumorbital 
series  have  been  lost  and  only  the  anterior  (lacrymal)  and  posterior 
(?postorbital)  members  remain.  The  lacrymal  is  a  wedge-shaped  ele- 
ment that  begins  to  simulate  that  of  the  Tetrapoda  (see  page  113  above). 

Dr.  Goodrich  (1909,  pp.  290-300)  has  cited  numerous  facts  in  sup- 
port of  his  view  that  Polypterus  is  very  widely  removed  from  the  true 
Crossopterygii  and  has  f)erhaps  a  closer  affinity  with  the  Actinopterygii. 
In  the  present  connection  it  may  be  said  only  that  the  Cladistia  appear 


^Not  to  bo  confused  with  the  true  "anterior  frontals"  (prefrontals)  of  tetrapoda  (see  page 97). 
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rather  to  be  a  degraded  remnant  of  the  eoelacanths  (Actinistia),  which 
have  lost  many  primitive  crossopterygian  characters  and  in  manj^ 
respects  have  become  more  completely  ichthyized  than  their  Palaeozoic 
ancestors.  The  lacrymal  region  of  Polypterus  could  readily  be  derived 
from  that  of  the  ccelacanths  chiefly  through  the  loss  of  the  preorbital 
and  suborbital  elements  and  the  further  speciaUzation  of  the  wedge- 
shaped  lacrymal. 

Actinopterygii 

In  the  most  primitive  Chondrostei  (Palaeoniscidae)  the  eye  is  en- 
closed in  a  narrow  dermal  ring  which  appears  to  be  the  homologue  of 
the  circumorbital  series  of  other  fish  but  is  not  subdivided  into  four  or 
five  elements.  Behind  and  above  this  inner  ring  in  primitive  Palae- 
oniscidae is  a  second  series  ("postorbitals"),  apparently  homologous  in 
part  with  the  second  ring  of  the  higher  ganoids.  Behind  this  series 
again  comes  the  preoperculum  and  expanded  maxilla,  while  the  true 
opercular  series  (operculum,  subopercular,  and  branchiostegals)  con- 
stitute a  fourth  and  hindmost  series.  The  Platysomidae  exhibit  a  closely 
alUed  pattern,  differing  in  the  reduction  in  number  and  enlargement  of 
some  of  the  elements  of  the  second  ring  and  in  the  shortening  and  deepen- 
ing of  the  third  and  fourth  rows.  In  the  modern  Spoonbill  hardly  a 
trace  of  this  primitive  pattern  remains,  but  the  sturgeons  preserve  more 
of  it. 

In  the  primitive  Holostei  (e.  g.,  Dapediusj  Lepidotius)  the  inner 
ring  is  of  large  size  and  well  differentiated  into  from  nine  to  twelve  ele- 
ments, of  which  two  at  the  lower  anterior  border  of  the  orbit  have  the 
position  of  the  lacrymal.  The  second  row  is  also  subdivided  into  numer- 
ous pieces,  behind  which  comes  the  preoperculum  and  next  the  opercular 
series.  The  pattern  in  Lepidotus  could  readily  give  rise  to  that  in  Lepidos- 
tens  (Fig.  4)  through  the  elongation  of  the  rostrum  and  the  fragmenta- 
tion of  the  maxilla,  lacrymal,  and  other  elements. 

In  Amia  (Fig.  3)  the  lacrymal  {I)  and  two  of  the  posterior  elements 
(poS  pd^)  of  the  inner  row  have  become  greatly  enlarged,  the  second  row 
has  disappeared,  leaving  the  preoperculum  more  exposed,  while  the 
opercular  series  remains  intact.  From  this  amioid  pattern  that  of  the 
more  primitive  teleosts  such  as  Elops  has  doubtless  been  derived. 

Thus  the  pattern  of  the  circumorbital  region  of  primitive  Actinop- 
terygii affords  some  evidence  for  the  following  phylogenetic  and  syste- 
matic conclusions. 

(1)  The  primitive  Actinopterygii  are  only  very  remotely  related  to 
the  primitive  Crossopterygii;    their  respective  circumorbital  patterns 
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have  probably  been  derived  from  an  undifTerentiated  osteichthyan 
stage,  possibly  antedating  the  formation  of  definite  joints  in  the  skin 
covering  the  face. 

(2)  The  primitive  Chondrostei  differ  widely  from  the  primitive 
Holostei  in  the  cireumorbital  pattern  as  well  as  in  many  other  characters, 
this  being  evidence  of  a  very  early  separation  of  these  groups. 

(3)  The  cireumorbital  pattern  of  Lepidosieus  is  apparently  more 
readily  derived  from  that  of  Lepidotus  than  from  thsit  of  Eugnaihus,  an 
inference  which  is  in  harmony  with  other  evidence  cited  by  Goodrich 
(pp.  335,  342-344). 

(4)  The  teleosts  are  closely  related  to  the  amioids  and  show  further 
advances  in  the  speciaUzation  of  the  lacrymal  as  a  large  and  prominent 
brace  in  front  of  the  orbit.  This  character  it  retains  in  very  many 
groups  of  teleosts,  often  in  spite  of  high  speciaUzation  in  other  parts  of 
the  face.  This  relatively  primitive  condition  of  the  lacrymal  is  retained 
even  in  the  more  primitive  of  the  Acanthopterygii,  which  are  the  highest 
of  the  teleosts.  On  the  other  hand,  the  lacrymal,  Uke  other  elements, 
is  subject  to  reduction  and  loss,  especially  in  degraded  families.  Some 
of  the  other  cireumorbital  bones  occasionally  afford  diagnostic  characters, 
such  as  the  subocular  shelf  of  primitive  Acanthopterygii,  the  "pre- 
opercular  stay**  formed  by  the  third  suborbital  of  scorpaenoids,  etc. 

StegocephaUa 

The  structural  and  phylogenetic  gap  between  the  StegocephaUa 
and  the  Crossopterygu,  which  are  their  nearest  relatives  among  the 
fishes,  is  very  great,  far  greater  than  that  between  theStegocephaliaand 
its  contemporaries,  the  primitive  ReptiUa.  Nevertheless,  both  these 
higher  classes  retain  all  the  elements  of  the  piscine  cireumorbital  series, 
but  so  diversely  modified  in  the  very  numerous  and  highly  speciaUzed 
families  of  temnospondyls,  branchiosaurs,  microsaurs,  cotylosaurs,  etc., 
that  at  first  the  pattern  of  the  skull  roof  of  Palaeozoic  Tetrapoda  seems 
like  a  "shifting  mosaic,**  in  which  now  one  and  now  another  element 
becomes  enlarged  and  pushes  itself  into  new  contacts,  usurping  the  place 
of  its  diminishing  neighbors. 

Notwithstanding  the  labors  of  Miall,  Cope,  Fritsch,  Moodie,  and 
many  others,  the  family  classification  of  the  Palaeozoic  Amphibia  re- 
mains in  a  rather  vague  and  unsatisfactory  state,^  so  that  it  has  seemed 
worth  while  to  examine  the  patterns  of  the  cireumorbital  region  in  the 

>ThiB  sentence  and,  indeed,  this  whole  section  on  the  Amphibia  were  written  a  year  or  more 
before  I  received  from  Dr.  Watson  a  copy  of  his  memoir  on  "The  Evolution  of  the  Amphibia,  Part  1". 
AbeJ's  work  on  "Die  Stftmme  der  Wirbeltiere"  was  also  received  too  late  for  me  to  consider  his  classi- 
fication of  the  Amphibia  and  Reptilia  in  this  paper. 
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numerous  genera  and  supposed  families  in  search  not  only  of  diagnostic 
characters  but  also  of  evidence  concerning  the  phyletic  interrelations  of 
the  larger  groups. 

Eventually  this  will  have  to  be  done  by  some  one  like  my  friend  Dr. 
Watson,  who,  it  is  to  be  hoped,  will  make  another  tour  of  the  principal 
museums  of  the  world  and  narrowly  examine  the  original  material.^  But 
the  extensive  literature  of  the  subject,  together  with  the  material  at 
hand,  has  tempted  the  writer  once  more  to  review  the  patterns  of  the 
skull  top  of  Palffiozoic  Amphibia,  as  figured  especially  in  the  well-known 
works  of  von  Meyer,  Fritsch,  Credner,  Th^venin,  Broili,  Moodie,  von 
Huene,  Broom,  Watson,  and  Williston.  Owing  to  the  great  difficulty  in 
correctly  determining  the  sutural  pattern  in  most  specimens  of  early 
Tetrapoda,  the  published  figures  have  been  examined  critically  and  with 
the  doubts  occasioned  by  the  diverse  results  reported  by  different  ob- 
servers of  the  same  or  similar  materials. 

In  general,  the  abimdant  materials  and  carefully  executed  figures 
published  by  von  Meyer  and  by  Credner  seem  to  withstand  the  closest 
inspection  and  inspire  confidence  in  the  accuracy  of  the  sutural  limits 
and  patterns  as  determined  by  these  authors.  On  the  other  hand,  a 
critical  study  of  Fritsch^s  figures  of  the  skull  roof  of  BranchiosauriLSy 
ChelydosauntSj  and  of  some  other  types,  has  raised  doubts  as  to  their 
accuracy  in  certain  particulars  which  will  be  noted  presently.  Willis- 
ton^s  final  figure  of  Trimerorhachis  was  based  upon  a  large  series  of  well- 
preserved  specimens,  studied  with  all  the  caution  and  intensity  for  which 
he  was  noted.  They  confirm  in  the  main  the  figures  by  Broom,  based 
on  less  satisfactory  material. 

In  the  appended  tables  are  recorded  fourteen  characters  of  the 
lacrymal  region,  including  the  presence  or  absence  of  the  laerymal 
itself,  and  the  presence  or  absence  of  certain  sutural  contacts  between 
different  elements  in  its  vicinity. 

Some  of  the  phylogenetic  and  systematic  conclusions  which  taay 
be  drawn  from  this  study  seem  to  be  as  follows. 

(1)  All  the  more  primitive  Tetrapoda  are  characterized  by  the  pre- 
sence of  the  lacrymal  bone,  which  is  in  contact  with  the  prefrontal, 
nasal,  maxilla,  jugal,  and  probably  with  the  palatine. 

(2)  The  early  Temnospondyli  retain  the  greatest  number  of  pre- 
siunably  primitive  amphibian  characters,  while  the  branchiosaurs  and 
microsaurs  are  more  or  less  aberrant  or  peculiar — perhaps  in  correlation 
with  a  shortening  and  broadening  of  the  head. 

1  See  footnote  on  preceding  page. 
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(3)  In  most  Temnospondyli  the  lacrymal  is  excluded  from  the  orbit 
by  a  prefrontal-jugal  contact  and  from  the  nares  by  a  naso-maxillary 
contact.  This  may  well  have  characterized  the  primitive  temnospondyls, 
although  in  some  cases  the  lacrymal  retains  its  piscine  location  on  the 
anterior  border  of  the  orbit. 

(4)  The  numerous  genera  of  rhachitomous  temnospondyls  which 
are  here  provisionally  grouped  under  the  family  Arehegosauridae  are 
distributed  under  several  families  by  Fritsch,  but  show  a  substantial 
agreement  in  the  pattern  of  the  skull  top  as  well  as  in  the  vertebrae. 

(5)  The  Stereospondyli  closely  agree  in  the  pattern  of  the  lacrymal 
r^on  with  the  Eryops  group  of  the  Temnospondyli,  from  which,  as 
Watson  has  shown,  they  probably  have  been  derived. 

(6)  The  short-headed  temnospondyls  belong  to  two  quite  distinct 
families — the  Brachyopidae  and  the  Dissorophidae,  characterized  by 
differences  in  the  lacrymal  region  and  in  development  of  the  otic  notch. 

(7)  Micropholis  is  aberrant  in  the  vestigial  condition  of  the  jugal, 
as  well  as  in  other  characters. 

(8)  Trimerorhachis  is  peculiar  in  the  fact  that  the  lacrymal  excludes 
the  jugal  from  the  orbital  border. 

(9)  Chelydosaunis,  as  restored  by  Fritsch,  is  characterized  by  the 
extreme  extension  of  the  jugal  from  the  nasal  to  the  squamosal,  by  the 
absence  of  the  lacrymal  and  by  the  forward  extension  of  the  postorbital 
beneath  the  orbit  so  as  to  gain  contact  with  the  prefrontal.  Fritsch's 
plates,  however,  do  not  carry  conviction  on  these  points. 

(10)  In  Fritsch's  figures  of  Branchioaaurus  and  Dawsonia  the  jugal 
is  represented  as  extending  forward  beneath  the  orbit  so  as  to  gain  con- 
tact with  the  nasals.  But  Credner's  numerous  figures  of  Branchiosaurus 
in  all  stages  of  development  give  no  hint  of  such  an  extraordinary  condi- 
tion. Possibly  Fritsch's  "jugaF*  is  merely  the  space  between  the 
superior  maxilla  and  the  bones  below  the  orbit,  which  are  the  prefrontal 
and  the  jugal.  In  Branchiosaurxis  the  lacrymal  is  absent  even  in  very 
young  specimens.  In  the  much  more  primitive  Pelosaurics  the  lacrymal 
is  present  and  the  pattern  of  the  whole  skull  top  is  clearly  allied  to  the 
primitive  rhachitomous  type. 

(11)  StegopSy  if  it  is  a  microsaur,  is  apparently  very  primitive  in  the 
extension  of  the  lacrymal  from  orbit  to  nares.  Its  isolated  position  is 
noted  by  Dr.  Moodic  (1916,  p.  112). 

(12)  Acanthostomay  although  known  from  well-preserved  skulls 
figured  by  Credner,  is  difficult  to  place.  It  resembles  Dasyceps  and 
Salamandrina  in  the  presence  of  a  large  intermaxillary  fossa.  Its 
lacrymal  region  is  primitive. 
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(13)  Among  the  microsaurs,  as  figured,  the  lacrymal  is  often  absent, 
the  prefrontal  frequently  usurping  its  place;  but  when  the  lacrymal  is 
present  the  pattern  of  this  region  recalls  that  of  the  Temnospondyli. 

(14)  The  modem  Anura,  being  degraded  and  specialized  forms, 
have  sacrificed  most  of  the  elements  of  the  lacrymal  region  and  seldom 
retain  even  doubtful  vestiges  of  the  lacrymal  itself.  But  the  whole  skull 
pattern  of  the  Anura  is  reminiscent  of  the  short-faced  Rhachitomi^ 
rather  than  of  the  branchiosaurs,  which,  as  Dr.  Moodie  has  suggested, 
may  well  be  ancestral  to  Cryptobranchus  and  its  allies. 

(15)  Notwithstanding  the  loss  of  many  other  skull  elements,  cer- 
tain amblystomid  salamanders  retain  a  primitive  preorbital  region, 
including  a  well-developed  prefrontal  and  a  small  lacrymal,  pierced 
by  a  naso-lacrymal  duct  (see  page  117).  Derivation  from  the  con- 
ditions seen  in  Pelosaurus  and  the  primitive  temnospondyls  seems 
possible. 


U917,  Amer.  Nat.,  pp.  316-317. 
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Table  1.     Characters  of  the  Laerymal  and  Contiguous  Elements  in 
Temnospondyls,  Branchiosaurs,  and  Microsaurs 
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Table  2. — Characters  of  the  Lacrymal  and  Contiguous 
Elements  in  Palaeozoic  Reptiles 
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Table  3. — Characters  of  the  Lacrymal  and  Contiguous  Elements  in 
Po8t-Pal?H)zoic  Tetrapoda 
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Cotylosauria 
Dr.  D.  M.  S.  Watson,  in  his  interesting  paper  (1917)  on  the  classi- 
fication of  the  pre-Jurassic  Tetrapoda,  says  that  he  retains  the  superorder 
Cotylosauria  **  simply  because  of  its  use  as  a  dumping-ground  for  those 
primitive  reptiles  which  retain  a  roofed  skuU,"  and  that  even  his  orders 
(Se5miouriamorpha,  Diadectomorpha,  Captorhinomorpha)  are  also 
*' probably  somewhat  unnatural  groups"  and  that  "it  would  perhaps 
have  been  more  satisfactory  to  raise  the  superfamilies  to  ordinal  rank" 
— in  other  words,  to  expand  the  old  order  Cotylosauria  into  seven  orders 
to  include  the  forms  clustering  respectively  around  Seymouria,  Diadecies, 
PariasauruSy  Procolophon,  CapiorhinuSy  Limnoscelis,  and  Pantylus,  He 
also  states  that  the  real  classification,  i.e.,  that  into  families,  is  founded 
as  far  as  possible  on  the  characters  of  the  brain-case.  The  writer,  on  the 
other  hand,  is  impressed  not  only  by  the  numerous  resemblances  between 
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the  members  of  these  seven  groups,  but  also  by  the  great  changes  in 
skull  structure  described  by  Dr.  Watson,  which  take  place  independently 
in  different  families  of  the  group.  Some  of  these  changes  are  the  oblitera- 
tion of  the  otic  notch  in  the  Pariasauria  and  in  Captorhinomorpha,  the 
turning  down  on  to  the  nuchal  surface  of  the  dermosupraoccipitals  and 
tabulars  in  Paniylus  and  in  the  captorhinomorphs,  the  development  of  a 
short,  high,  Sj>Aenodon-like  brain-case  in  Procolophoriy  the  independent 
evolution  of  vertically  placed  quadrates  in  pariasaurs  and  captorhino- 
morphs, the  depression  of  the  inner  ear  in  the  captorhinomorphs,  the  up- 
growth of  the  maxilla  to  gain  contact  with  the  nasals,  and  the  concomitant 
retraction  of  the  lacrymal  in  Procolophan.  But  the  changes  merely  dis- 
guise, without  obliterating,  the  bonds  of  aflSnity  between  these  varied 
cotylosaurs,  so  that  one  may  readily  sense  the  relationship  of  Limno- 
scelis  to  the  captorhinomorphs,  of  Procolophon  to  the  diadectomorphs, 
and  so  forth.  It  seems  quite  possible  that  in  this  very  primitive  and 
plastic  group  of  reptiles  the  level  of  the  internal  ear  with  respect  to  the 
floor  of  the  brain-case  might  change  as  Vapidly  as  the  inclination  of  the 
quadrates  to  the  midline  of  the  skull,  and  that  the  secondary  closing  oflf 
of  the  inner  ear  from  the  brain-case  is  after  all  no  great  morphological 
accomplishment  in  comparison  with  many  other  transformations  with 
which  we  are  familiar. 

In  spite  of  such  internal  changes,  the  Cotylosauria,  with  the  excep- 
tion of  Procolophon,  are  characterized  by  the  constancy  of  the  lacrymal 
region,  in  which  the  lacrymal  always  extends  from  the  orbit  to  the  nares 
and  separates  the  prefrontal  from  the  jugal  and  the  nasal  from  the  low 
ascending  process  of  the  maxilla.  The  arrangement  of  the  lacrymal 
region,  like  the  pattern  of  the  skull  as  a  whole,  is  closely  allied  to  that 
of  the  rhachitomous  stegocephs,  in  so  far  as  the  lacrymal  is  in  contact 
with  prefrontal,  maxilla,  and  nasal;  but  it  differs  in  the  extension  of  the 
lacrymal  from  the  orbit  to  the  naris,  a  rare  character  among  the  Rhachi- 
tomi.  The  chief  characters  of  the  lacrymal  region  of  the  cotylosaurs  are 
recorded  in  Table  2. 

Chelonia 

The  loss,  in  this  order,  of  several  elements  of  the  skull  top,  including 
the  lacrimals,  the  usurpation  of  the  place  of  the  lacrymals  by  the  pre- 
frontal, and  the  upgrowth  of  the  maxilla  so  as  to  gain  contact  with  the 
prefrontals,  are  all  signs  of  modernization,  which  have  been  paralleled 
in  other  groups  (e.  g.,  Sphenodon  and  Ophidia)  and  which  mask,  but  do 
not  obliterate,  the  evidence  afforded  by  the  remaining  parts  of  the  skull 
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and  mandible  of  derivation  from  primitive  reptiles,  possibly  allied  to  the 
Pariasauria  (Jaekel).  The  reported  occurrence  in  the  Upper  Triassic 
chelonian  Stegochelys  (Triassochelys)  dux  Jaekel  (1916)  of  a  separate 
lacrymal  (^'postnasarO  extending  from  the  anterior  naris  to  the  orbit 
will,  if  confirmed,  afford  further  evidence  in  the  same  direction;  mean- 
while, a  comparison  of  all  views  of  the  skull  of  this  genus  as  figured  by 
Jaekel  with  those  of  DictdedeSy  ParUylttSj  Labidosaurus,  Pariasaums,  and 
Procolaphon  has  revealed  to  the  writer  no  decisive  evidence  in  favor  of 
the  well-known  view  that  the  Chelonia  are  specially  related  to  the 
diadectid  cotylosaurs.  Even  less  convincing  is  Boulenger*s  ingenious 
argument  (1918)  for  regarding  the  Chelonia  as  relatives  of  Sphenodon. 
His  hypothesis  that  the  primitive  Chelonia  had  fenestrated  temporal 
regions  and  that  the  roofed-over  condition  of  Chelone  is  entirely  second- 
dary  must  now  reckon  with  the  completely  roofed  condition  in  the 
Upper  Triassic  Stegochelys  (Triassochelys),  which,  according  to  JaekePs 
figures,  is  wholly  unlike  Sphenodon  except  in  its  primitive  reptilian  char- 
acters, 

Pelycosauria  ( = Theromprpha) 

The  recent  work  of  Broom,  von  Huene,  Williston,  and  Watson,  has 
developed  the  fact  that  in  many  characters  the  pelycosaurs  are  interme- 
diate between  the  captorhinomorph  cotylosaurs  and  the  Therapsida. 
This  conclusion  is  supported  by  the  pattern  of  the  lacrymal  region.  In 
Naosaurus  and  Edaphosaurus  the  lacrymal  extends  to  the  naris  and  all 
the  relations  of  the  lacrymal  and  contiguous  elements,  as  recorded  in 
Table  2,  agree  with  the  conditions  in  Cotylosauria.  Sphenacodon  and 
Mycierosaurusy  on  the  other  hand,  exhibit  successive  stages  in  the  re- 
traction of  the  lacrymal  and  the  upgrowth  of  the  maxilla,  which  gains 
contact  with  the  nasal  as  in  the  therapsid  and  other  higher  reptiles. 
Hence,  the  group  as  a  whole  is  characterized  by  the  transitional  condi- 
tions of  the  lacrymal  from  the  cotylosaurian  to  a  higher  reptilian  stage. 

Bolosaurus  is  referred  by  Broom  and  Watson  to  this  group  rather 
than  to  the  Cotylosauria;  its  lacrymal  region  is  of  the  captorhinidtype: 
but  so  also  is  that  of  Naosaurus.  The  under  side  of  the  skull,  as  observed 
by  Case  and  von  Huene,  strongly  recalls  the  captorhinids,  but  here  again 
Naosaurus  and  even  Dimetrodon  are  not  far  oflf. 

CaseOj  which  was  very  doubtfully  referred  to  this  group  by  Willis- 
ton  and  that  only  in  a  distinct  suborder,  resembles  the  Dinocephalia 
among  the  mammal-like  series  in  many  curious  features  of  the  skull  and 
postcranial  skeleton  and,  indeed,  is  referred  by  Watson  to  the  "  Anomo- 
dontia"  or  Therapsida.  The  sutures  in  the  lacrymal  region  are  not 
visible. 
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Therapsida 

The  labors  of  Owen,  Seeley,  Broom,  Watson,  Whaits,  and  Haughton 
on  the  South  African  mammal-Uke  reptiles  of  the  Permian  and  Triassic 
Karroo  series,  have  revealed  the  wide  adaptive  radiation  of  this  group. 

The  oldest  known  forms^  the  Dinoeephalia,  have  already  taken  on 
some  of  fhe  specializations  of  giantism,  especially  in  their  excessively 
short  feet,  huge  thorax,  massive  skulls,  and  strong  front  teeth,  fitted 
perhaps  for  tearing  up,tough  vegetation.  Notwithstanding  these  speciali- 
zations, the  Dinoeephalia  retain  many  ancient  characters,  such  as  the 
large  pineal  eye.  the  very  primitive  lower  jaws,  the  position  of  the  single 
temporal  fenestra  below  the  junction  of  the  postorbital  and  squamosal, 
the  presence  of  a  sm&ll  cleithrum  and  of  two  coracoid  elements,  the 
primitive  atlas  complex,  the  plate-like  pubis  and  ischium,  and  the  primi- 
tive relations  of  the  tibia  and  fibula  with  the  tarsus.  In  another  series  of 
characters  they  have  advanced  far  beyond  the  crawling  bent-kneed 
pelycosaur  stage,  and  they  are  evidently  heavy-bodied  derivatives  of  a 
swift-moving  type  able  to  extend  the  knee  and  raise  the  body  well  oflf 
the  ground.  The  lacrymal  region  is  fairly  primitive  and,  although  the 
lacrymal  is  overgrown  by  the  stout  maxilla,  it  is  in  contact  with  the  en- 
larged septomaxilla,  this  probably  indicating  that  the  lengthening  of  the 
face  in  this  group  is  secondary. 

The  Dromasauria,  of  the  Permian,  are  small  lacertiform  reptiles 
with  a  primitive  skeleton,  especially  in  the  manus  and  pes.  They  have 
a  primitive  undiflFerentiated  series  of  teeth  all  around  the  short  mouth. 
The  orbit  is  large  and  has  apparently  encroached  upon  the  lacrymal, 
which  is  very  short  and  in  wide  contact  with  the  septomaxilla  (Broom). 
The  temporal  region  is  primitive,  allied  to  the  dinocephalian  type,  and 
structurally  ancestral  to  the  specialized  anomodont  type.  The  latter  is 
distinguished  not  only  by  the  beaked  jaws,  but  by  the  extreme  shorten- 
ing of  the  lacrymal  region  and  backward  prolongation  of  the  zygomatic 
arch  and  fossa. 

The  Permian  Gorgonopsia  probably  stand  near  the  middle  of  the 
whole  therapsid  series.  The  typical  genera  retain  the  primitive  position 
of  the  temporal  fenestra  below  the  postorbital-squamosal  bar,  and  the 
palate  and  basiscranii  are  modified  from  the  primitive  pelycosaur  type 
(Watson).  The  skull  is  of  the  predatory,  compressed  pelycosaur  type, 
often  with  a  festooned  row  of  laniary  teeth,  but  this  may  be  largely  a 
parallel  development;  that  is,  it  is  quite  possible  that  the  lengthening 
of  the  face  is  secondary.  The  lacrymal,  as  in  the  higher  pelycosaurs,  no 
longer  extends  to  the  nares  and  is  overgrown  by  the  enlarged  maxilla. 
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The  dentary  exhibits  a  long  eoronoid  process,  or  ascending  ramus,  a 
predatory  adaptation,  but  fundamentally  the  jaw  is  allied  to  the  primi- 
tive dinocephalian  type.  The  limbs  are  often  of  the  swift  moving  type, 
capable  of  extending  the  knees. 

The  Therocephalia  closely  resemble  the  Gorgonopsia  in  skull  form, 
but  the  temporal  fossa  now  extends  up  to  the  parietals,  the  postorbital- 
squamosal  contact  being  lost;  the  palate  develops  vacuities  near  the 
ectopterygoids  (Broom,  Watson).  The  lacrymal  region  is  similar  to 
that  of  the  Gorgonopsia.  The  Bauriamorpha  are  another  predatory 
offshoot  of  the  primitive  Therapsida,  comprising  small  animals  which  in 
some  respects  foreshadow  the  cynodonts.  Some  of  them  acquired  oval- 
crowned  grinding  teeh. 

The  Triassic  Cynodontia  range  in  size  from  IctidopstSy  which  was 
about  as  large  as  a  common  dasyure,  to  Cynognathuscrateronotus  with  a 
skull  about  fifteen  inches  long.  In  Cynosuchus  the  general  skull  form  is 
like  that  of  the  primitive  Gorgonopsia,  and  the  simple  recurved  teeth  are 
arranged  in  a  festoon.  The  lacrymal  region,  as  described  by  Haughton, 
is  essentially  the  same  as  it  is  in  other  members  of  this  suborder.  In 
Iciidopsis  (Fig.  57)  the  molars  are  becoming  triconodont.  The  lacry- 
mal region  is  very  marsupial-like,  but  the  enlarged  maxilla  has  not  yet 
grown  backward  and  upward  above  the  lacrymal.  In  the  higher  cyno- 
donts the  molars  vary  from  the  shearing  triconodont  type  of  Cynognathus 
to  the  oval  tuberculate  crowns  of  Diademodon  and  its  allies.  The  incisors 
and  canines  are  cf  predatory  submammalian  type.  The  upper  jaws 
widely  overhang  the  lower.  The  mandible  is  submammalian  in  so  far  as 
the  dentary  is  the  predominant  element  with  a  wide  ascending  ramus, 
while  the  quadrate  and  articular  are  small  and  seemingly  are  about  to  be 
transformed  into  the  incus  and  malleus.  The  palate  is  distinctly  sub- 
mammalian and  the  atrophy  of  the  quadrate  process  of  the  pterygoid 
foreshadows  the  subequent  reduction  of  that  element,  which  is  so  large 
in  all  other  reptiles.  The  lacrymal  region  of  Cynognathus  and  Diode- 
modon  is  very  mammal-like  and  is  in  harmony  with  the  view  that  the 
cynodonts,  as  a  group,  are  actually  ancestral  to  the  mammals.  The 
expansion  and  overlap  of  the  lumbar  ribs  is  unique  and  suggests  some 
radical  changes  in  the  musculature,  possibly  leading  to  the  mammalian 
diaphragm  and  eventually  to  the  loss  of  lumbar  ribs  and  the  substitu- 
tion of  apophyses  from  the  centra.  The  shoulder  girdle,  humerus,  and 
pelvis  foreshadow  the  monotreme  type  and  in  the  femur  we  have  the 
beginnings  of  the  mammalian  trochanters. 
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In  brief,  the  Therapsida  range  from  relatively  primitive  Permian 
stages  immediately  above  the  pelycosaurs  up  to  highly  progressive 
Triassic  types  immediately  below  the  mammals.  It  is  customary  to 
regard  even  the  cynodonts  as  at  most  very  remote  relatives  of  the  mam- 
mals, but  it  is  now  time  to  call  for  definite  evidence  in  favor  of  this  a 
priori  assumption. 

Parapsida 
The  most  primitive  well-known  member  of  this  series  is  perhaps 
Palceohatteria.  Here  the  lacrymal  is  well  developed,  although  not 
extending  to  the  naris,  and  is  barely  excluded  from  the  orbital  border 
by  a  slight  prefrontal-jugal  contact,  which  recalls  the  conditions  in 
many  tenmospondyls.  In  the  relatively  primitive  Triassic  ichthyosaurs 
and  even  in  their  descendants,  the  normal  ichthyosaurs  with  enlarged 
orbits,  the  lacrymal  still  remains  fairly  primitive.  The  Squamata,  on 
the  other  hand,  are  characterized  by  the  early  reduction  of  the  lacrymal 
and  the  concomitant  enlargement  of  the  prefrontal — a  line  of  specializa- 
tion which  culminates  in  the  Ophidia  in  the  complete  loss  of  the  lacry- 
mal. In  the  Acrosauria  {Sauranodon,  Pleurosaurus),  also,  the  lacrymal 
is  reduced  and  the  prefrontal  enlarged. 

Rhynchocephalida 

This  series  has  generally  been  placed  under  the  Diapsida,  but  it 
seems  more  likely  that  of  its  two  supratemporal  fenestrae  the  lower  one 
was  inherited  from  primitive  pelycosaurs  and  the  upper  one  was  de- 
veloped independently,  just  as  it  was  in  the  true  Archosauria,  comprising 
the  aetosaurs,  phytosaurs,  crocodiles,  dinosaurs,  pterosaurs,  and  an- 
cestral birds.  The  more  primitive  Rhynchocephalida  (Rhynchosaurus, 
Champsosaurus)  retain  the  lacrymal,  with  its  normal  reptilian  contacts, 
but  in  Stenametopon  its  place  is  partly  usurped  by  the  prefrontal,  and  in 
Sphenodon  the  lacrymal  has  been  entirely  lost. 

Sphenodon  presents  a  curious  mixture  of  characters;  the  palate 
recalls  both  the  captorhinid  and  the  primitive  lizard  types;  in  the 
absence, of  the  lacrymal  and  in  the  predominance  of  the  prefrontal  it 
parallels  especially  the  Chelonia;  while  in  the  loss  or  fusion  of  the  opis- 
thotic  it  parallels  all  recent  reptiles  except  the  Chelonia;  the  skeleton 
as  a  whole  is  distinctly  lacertiform,  but  in  some  points  more  primitive. 

The  derivation  of  the  Rhynchocephalida  from  some  primitive 
theromorph  or  pelycosaur  is  suggested  by  very  many  characters  of  the 
skull  and  skeleton  in  which  the  former  are  obviously  more  advanced 
than  the  latter. 
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Diapsida  (Archosauria) 
In  all  the  primitive  members  of  this  relatively  compact  natural 
group  (after  the  exclusion  of  the  Rhynchocephalida,  etc.),  the  skull  is 
already  compressed,  with  a  high  temporal  region  and  a  pointed  face; 
the  lacrymal  is  a  large  bone  on  the  side  of  the  face  and  is  perforated  by  a 
large  antorbital  fenestra.  This  condition,  with  secondary  modifications, 
persists  in  the  earliest  phytosaurs,  dinosaurs,  and  pterosaurs,  but  has 
probably  been  lost  in  the  Crocodilia.  The  birds  probably  sprang  from 
some  very  early  member  of  the  diapsid  series,  but  parallel  the  non-diapsid 
groups  in  the  loss  of  the  true  lacrymal  and  the  substitution  of  an  en- 
larged prefrontal. 

Prototheria,  etc. 

The  grouping  of  the  lower  mammals  into  subclasses  is  in  an  un- 
satisfactory state  owing  to  the  poverty  of  the  pal«ontological  record 
and  to  the  degraded  and  partly  specialized  'conditions  of  the  existing 
representatives  of  the  Prototheria.  The  monotremes  show  strong  evi- 
dence of  remote  aflSnity  with  the  marsupials  in  the  construction  of  the 
brain  and  of  very  many  other  parts  of  the  anatomy.  On  the  other  hand, 
their  skeleton  is  totally  lacking  in  any  clear  marks  of  a  former  arboreal 
stage  such  as  persists  even  in  the  most  highly  modified  marsupials,  so 
that  it  is  imlikely  that  the  monotremes  ever  passed  through  an  arboreal 
stage.  Their  orbital  region  is  peculiar  not  only  in  the  total  loss  of  the 
lacrymal  but  in  the  great  expansion  of  the  orbitosphenoid,  extremely 
small  frontals,  loss  or  great  reduction  of  the  jugal,  etc.  These  and  other 
peculiar  skull  characters  might  perhaps  have  been  derived  from  the  con- 
ditions in  the  Multituberculata,  as  suggested  by  Broom  (1914,  p.  3), 
but,  according  to  Matthew  and  Granger,  the  limb  structure  of  Ptilodus 
is  clearly  against  this  view.  Of  the  two  existing  monotremes,  Omi- 
thorhynchus  is  apparently  the  more  primitive  in  many  characters. 

I  have  often  considered  the  possibility  that  the  monotremes  might 
be  derived  directly  from  some  such  anomodont  as  Lystrosauras  through 
the  expansion  of  the  box-like  cranium,  the  dwindling  of  the  squamosal 
and  posterior  jaw  elements,  the  degeneration  of  the  beak  into  a  leathery 
"  duck-bill,*'  etc.  But  the  retention  of  marginal  teeth  in  OmithorhynchuSy 
the  lack  of  all  positive  evidence  for  direct  derivation  from  either  the 
anomodonts  or  the  dinocephalians,  and  the  evidence  of  the  structural 
affinity  of  the  monotremes  with  the  marsupials  and  with  the  multi- 
tuberculates  are  all  against  such  an  hypothesis. 
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PtiloduSy  as  Mr.  Gidley  has  shown,  has  numerous  skull  characters 
in  conunon  with  marsupials  and,  even  if  Broom's  view  that  the  multi- 
tuberculates  are  related  to  the  monotremes  should  be  confirmed,  it 
would  perhaps  only  indicate  that  the  monotremes,  as  well  as  other  multi- 
tuberculates,  have  been  derived  from  primitive  Metatheria. 

The  aflSnities  of  Tritylodon  are  very  puzzling.  Its  "multitubercu- 
late"  dentition  is  very  unlike  that  of  Plagiaidax  and  PtiloduSy  and  its 
resemblances  to  the  typical  multituberculates  are  remote.  According 
to  Broom,  the  lacrjmaal  region  is  mammalian  in  type,  as  it  has  lost  the 
prefrontal. 

In  order  to  discuss  effectively  the  interrelations  of  the  Tertiary 
groups  of  mammals  in  which  the  lacrymal  region  is  known,  it  will  be 
necessary  to  consider  briefly  the  interrelations  of  the  Mesozoic  mammals, 
in  which  unfortunately  the  whole  skull  is  unknown,  only  jaws  and  teeth 
being  preserved.  Among  these,  the  triconodonts  are  of  interest  in  the 
present  connection  only  in  the  fact  that  they  may  possibly  be  allied, 
on  the  one  hand,  to  the  Protodonta  and  thus  eventually  to  the  cyno- 
donts  and,  on  the  other,  to  the  multituberculates  and  primitive  Meta- 
theria. The  remarkable  diversity  in  the  dentition  of  the  Purbeck  (Upper 
Jiurassic)  triconodonts  and  trituberculates,  and  the  sharp  diflferentia- 
tion  of  these  two  groups  even  in  the  Stonesfield  Slate  (Lower  Jurassic) 
shows  that  the  common  ancestral  source  must  be  at  least  of  Upper 
Triassic  age,  where  they  were  perhaps  represented  by  the  Protodonta. 
The  aflSnities  of  the  Trituberculata  are  discussed  below. 

Metatheria 
The  known  MarsupiaUa,  in  spite  of  their  wide  adaptive  radiation, 
are  a  rather  compact  natural  group,  the  more  primitive  members  of  the 
pol3rprotodont  and  diprotodont  suborders  retaining  a  long  series  of 
characters  indicating  a  common  origin,  possibly  in  the  early  Tertiary 
but  not  far  back  in  the  Mesozoic.  The  construction  of  the  lacrymal 
r^on,  while  subject  to  minor  variations,  reveals  several  details  which 
are  characteristic  of  the  group,  especially  the  tendency  for  the  lacrymal 
to  develop  a  prominent  antorbital  rim  which  is  produced  dorsoposteriorly . 
The  lacrymal-nasal  contact  which  sometimes  occurs  may  well  be  a 
primitive  marsupial  character.  In  the  more  primitive  marsupials  the 
lacrymal  foramen  is  behind  the  antorbital  rim,  but  with  advancing 
specialization  it  first  notches  the  rim  and  may  even  move  forward  a 
little  in  front  of  it. 

The  evidence  of  the  lacrymal  region  is  in  harmony  with  the  view 
that  the  caenolestoids  are  allied  with  the  Peramelidse  among  the  Poly- 
protodontia. 
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MyrmecobiuSy  in  its  lacrymal  region  as  well  as  in  the  dentition,  is 
merely  a  specialized  dasyurid. 

Wynyardia  is  extremely  primitive  in  the  lacrymal  region  and  is 
probably  a  primitive  diprotodont. 

Placentalia 

With  regard  to  the  Mesozoic  Trituberculata,  the  jaw  and  dentition 
indicate  that  the  Lower  Jurassic  Amphitherium  was  ancestral  to  Amblo- 
iherium  and  other  minute  insectivorous  genera  of  the  Purbeckbeds, 
which  are  of  Wealden  age.  Owen  regarded  them  all  as  marsupials  but, 
on  account  of  the  form  of  the  angle  of  the  jaw,  they  may  be  very  primi- 
tive placentals.  Probably  their  Notoryctes-  and  Chrysochloria-Uke 
molars  do  not  indicate  any  close  aflSnity  either  with  the  marsupials  or 
with  the  zalambdodont  placentals.  On  the  other  hand,  Amphitherium 
itself  may  stand  near  the  common  source  of  both  the  Marsupialia  and  the 
Placentalia,  as  suggested  by  the  extremely  primitive  dentition. 

The  lacrymal  problem  in  its  phyletic  and  taxonomic  bearings  is 
closely  connected  with  the  problem  of  the  origin  of  the  placental  mam- 
mals. Was  there  ever  a  single  relatively  compact  natural  group  of 
primitive  placentals,  the  source  of  all  the  now  extremely  diversified 
placental  orders?  Or  have  these  been  derived  independently  from  widely 
different  metatherian  groups?  If  the  former  is  true  many  at  least  of  the 
'* primitive  placental  characters'*  have  been  derived  by  inheritance  from 
the  ancestral  group;  if  the  latter,  then  these  supposedly  primitive 
characters  are  of  convergent  derivation. 

In  the  case  of  the  marsupials  it  is  practically  certain  that  we  have 
to  do  with  a  natural  group  for,  although  extremely  diverse  in  habitus, 
they  are  tied  together  by  such  a  long  series  of  peculiar  characters  of  the 
dentition,  skuU,  limbs,  brain,  reproductive  organs,  etc.,  that  a  conunon 
origin  is  practically  demonstrated. 

The  placental  radiation,  however,  is  so  much  older,  or  at  least  has 
progressed  so  much  farther,  that  among  its  modem  representatives  the 
greater  part  of  the  ancestral  heritage  has  been  concealed  or  destroyed  by 
csenotelic  modifications,  and  we  find  accordingly  that,  apart  from  the 
presence  of  a  corpus  callosum  and  of  an  allantoic  placenta,  there  are  not 
many. typical  characters  which  hold  good  of  the  entire  series. 

As  far  back  as  the  Lower  Eocene  the  adaptive  radiation  of  the 
placentals  had  gone  so  far  that  nearly  all  the  modern  orders  were  well 
differentiated  from  each  other,  and  even  in  the  Paleocene  there  were 
such  highly  specialized  mammals  as  bats  and  stylinodonts.    The  great 
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collections  of  Paleocene  and  Eocene  mammals  made  by  this  Museum 
are  constantly  increasing  the  number  of  Eocene  manmials  of  isolated 
position  and  of  relatively  high  specialization,  so  that  the  placental 
radiation  must  have  commenced  far  back  in  the  Mesozoic. 

On  the  other  hand,  these  collections,  which  are  now  being  described 
by  Matthew  and  Granger,  are  also  increasing  the  number  of  known 
forms  which  unite  in  themselves  characters  that  were  later  distributed 
among  different  orders,  and  which  multiply  the  number  of  apparent 
connections  between  diverse  placental  groups.  Here  belong  many  of 
the  genera  which  Matthew  has  provisionally  referred  to  the  Insectivora, 
pending  the  determination  of  their  true  positions. 

Cope's  view  of  the  ultimate  unity  of  origin  of  the  placentals  was 
based  partly  on  his  observation  that  in  the  Paleocene  and  Lower  Eocene 
most  placental  families  preserved  clear  evidence  of  derivation  from  primi- 
tive stocks  with  tritubercular  upper  and  tuberculosectorial  molars,  a 
conclusion  which  has  been  greatly  strengthened  by  subsequent  research, 
especially  by  Osborn  and  Matthew.  Cope  was  also  impressed  by  the 
prevalence  in  the  Paleocene  and  Lower  Eocene  of  placental  manmials 
with  very  primitive  five-toed  hands  and  feet.  It  was  largely  the  detailed 
characters  of  the  limbs  and  feet  which  led  Matthew  (1904)  to  the  gen- 
eralization that  the  placentals,  as  well  as  the  marsupials,  had  been  de- 
rived from  primitive  arboreal  ancestors  with  a  "more  or  less  opposable" 
first  digit  on  both  the  manus  and  the  pes.^ 

The  humeri  of  Paleocene  and  Ek)cene  manmials  seem  to  give  testi- 
mony in  the  same  general  direction,  and  after  a  somewhat  extended 
comparative  study  (1920,  pp.  64-78)  I  reached  the  conclusion  that  in 
the  primitive  placentals  of  the  Mesozoic  the  well-developed  forearms 
were  probably  capable  of  a  variety  of  jnovements  as  in  climbing.  It  is 
also  highly  probable  that  these  primitive  unguiculate  placentals  were 
quite  small,  small  enough  to  crawl  easily  through  the  underbrush  and 
not  so  heavy  as  to  make  extreme  specializations  for  climbing  necessary. 
Their  small  size  seems  a  safe  inference  from  the  facts  that  in  every  case  in 
which  the  history  of  the  group  is  well  known  the  phyla  run  back  into 
small  forms  with  a  more  or  less  primitive  dentition  and  skull,  and  that 
the  varied  trituberculate  mammals  of  the  Mesozoic  were  really  minute 
in  size. 


*This  conclusion  ia  contested  by  Mr.  J.  W.  Qidley  in  a  brief  paper  (1919)  which  was  received  after 
the  present  manuscript  was  fully  written.  A  criticism  of  this  paper  lies  beyond  the  scope  of  the  present 
work. 
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Other  characters  which  may  provisionally  be  assigned  to  these 
primitive  placentals  are  as  follows:  manus  and  pes  relatively  short,  with 
gently  spreading  digits  and  partly  divergent  pollex  and  hallux;  skull 
macrosmatic,  with  brain-case  very  small,  sagittal  crest  and  jaw  stout; 
orbits  small,  postorbital  processes  incipient;  lacrymal  forming  part  of 
the  prominent  antorbital  rim,  behind  which  was  the  lacrymal  foramen; 
lacrymal  in  contact  with  jugal,  a  well-defined  fronto-maxillary  contact 
above  lacrymal;  dental  formula  of  adult — I  f ,  C  +,  P  i,  M  f ; 
of  young —  DI 4,  DC  +,  DP  \',  incisors  small,  not  specially  modi- 
fied, canines  of  moderate  size,  subcaniniform,  not  premolariform;  pre- 
molars simple,  except  p*,  upper  molars  tritubercular;  lower  molars  tuber- 
culosectorial;  diet  various,  including  insects,  the  nestlings  of  birds, 
eggs,  fruits,  etc. 

Carnivora. — The  classification  of  the  major  groups  of  Carnivora 
by  Matthew  (1901,  1909,  1915)  is  also  an  expression  of  the  adaptive 
radiation  and  phylogeny  of  the  Creodonta  and  Fissipedia. 

At  the  base  of  the  series'  are  the  Oxyclaenidae,  which  are  among  the 
most  primitive  of  all  known  placental  mammals,  not  only  in  the  denti- 
tion but  also  in  the  skull,  including  the  lacrymal  region  (cf.  page  146). 
The  skeleton  as  a  whole  will  shortly  be  described  by  Matthew.  Mean- 
while, it  may  be  noted  that  the  manus  of  the  Lower  Eocene  Chriacus 
gaUince  (Matthew,  1915,  p.  6)  is  of  a  very  primitive  placental  type,  with 
short  spreading  metacarpals,  partly  divergent  pollex  and  strong  claws, 
the  whole  being  not  unlike  the  climbing  manus  of  the  modem  Cerco- 
leptes.  It  seems  highly  probable  that  this  general  type  of  manus,  adapted 
both  for  climbing  and  walking,  is  nearer  to  the  primitive  arboreal  pla- 
cental stage  than  is  the  compressed  and  more  or  less  elongate  manus  of 
cursorial  carnivores. 

Closely  related  to  the  Oxyclaenidse  are  the  Arctocyonidse.  In  these 
the  dentition  is  less  primitive  but  the  manus  and  pes  of  Clamodon,  as 
described  by  Matthew  (1901),  are  even  better  adapted  for  grasping  and 
climbing.  The  Oxyclaenidae  and  the  Arctocyonidae  are  grouped  by 
Matthew  as  Procreodi  because  their  p4  and  mi  are  not  specialized  as 
carnassial  teeth.  The  dental  and  other  characters  of  Thryptacodon 
(Matthew,  1915,  p.  9)  of  the  Oxyclaenidae  suggest  that  there  is  **  prob- 
ably a  near  affinity  between  the  less  specialized  Arctocyonidae,  and  the 
Cercoleptoid  Miacidae  and  the  Oxyclaenidae,  although  part  of  the  re- 
semblance is  due  to  parallelism*'  (Matthew,  op.  city  p.  9). 

The  Miacidae  constitute  the  division  Eucreodi  of  Matthew,  so  named 
because  their  p4  and  mi  are  specialized  as  carnassial  teeth  as  in  modem 
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Fissipedia,  to  which  this  group  is  also  closely  allied  in  all  parts  of  the 
skeleton.  The  pes  of  Didymictis  (Matthew,  1915,  p.  26)  is  of  semiplanti- 
grade  type,  but  becoming  better  adapted  for  running.  The  feet  of 
VxiLpavus,  MiaciSj  and  Vassaq^oiif  according  to  Matthew,  are  more 
**  arboreal  *'  in  type.  The  lacrjmaal  region  of  this  family  (p.  148)  fore- 
shadows the  conditions  in  the  modern  Camivora  but  is  more  primitive. 

The  Pseudocreodi  of  Matthew  include  the  typical  and  best  known 
creodonte,  such  as  Hycenodon  and  Patriofelis,  in  which  the  camassial 
teeth  are  behind  p4  and  mi.  In  these  animals  the  skeleton  is,  on  the 
whole,  less  primitive  than  that  of  the  Oxyclsenidse,  being  often  adapted 
for  nmning.  The  muzzle  is  elongate  and  with  it  the  pars  facialis  of  the 
lacrymal.  The  late  members  of  this  group  are  large  and  specialized, 
but  the  earlier  stages  are  smaller,  and  the  trend  is  toward  the  Oxyclaeni- 
dse  as  a  central  type. 

The  Acreodi  of  Matthew,  including  the  Triisodontidae,  are  distin- 
guished by  the  lack  of  normal  camassial  teeth.  The  more  primitive 
members  (Triisodontidse)  have  tritubercular  molars,  which  approach 
the  primitive  oxycl»nid  type.  The  more  specialized  Acreodi  finally 
attain  gigantic  size  and  have  various  aberrant  types  of  molars.  The 
muzzle  becomes  long  and  with  it  the  pars  facialis  of  the  lacrymal.  The 
limbs  of  the  late  Mesonychidse  are  of  subcursorial  type. 

The  Fissipedia  include  two  rather  widely  separated  groups,  the 
iEluroidea  and  the  Arctoidea,  which  were  possibly  derived  independently 
from  the  Eucreodi.  Their  lacrymal  is  often  reduced  and  sometimes 
vestigial.  The  skeletons  show  a  wide  adaptive  radiation  for  climbing, 
swimming,  running,  etc. 

The  Pinnipedia  seem  to  be  a  very  early  offshoot  of  the  primitive 
Arctoidea,  which  they  resemble  in  the  enlargement  of  the  maxillo- 
turbinals  and  in  the  auditory  and  lacrymal  regions.  That  they  are  not 
modified  Pseudocreodi  is  indicated  by  the  reduction  in  number  of  the 
true  molars,  by  the  consolidation  of  the  scaphoid,  lunar,  and  centrale, 
and  by  the  detailed  characters  of  the  lacrymal  region. 

Insectivora  (Lipotyphla). — The  existing  lipotyphlous  Insectivora 
are  all  more  or  less  highly  specialized  and  degraded  remnants  of  primitive 
Mesozoic  placentals,  which  would  perhaps  be  well  represented  by 
Amphitherium,  Not  much  is  left  of  the  conception  of  the  Insectivora 
as  a  primitive  order,  because  most  of  their  purely  insectivorous  adapta- 
tions are  rather  high  specializations  which  outnumber  such  primitive 
placental  characters  as  they  still  preserve.  It  is  rather  from  the  primi- 
tive Paleocene  and  Eocene  representatives  of  the  Creodonta,  Tsenio- 
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donta,  Taligrada,  Condylarthra,  etc.,  that  a  more  accurate  concept  of 
the  stem  placentals  is  now  being  derived. 

The  least  specialized  insectivores  that  are  known  from  well-pre- 
served skulls  are  the  early  Tertiary  Leptictidae  which  in  the  Eocene 
gave  rise  to  the  Erinaceidae.  Their  lacrymal  region  is  comparatively 
primitive,  especially  in  Iciops  dakotensis  (Fig.  104).  In  the  Erinaceidae 
the  pars  facialis  becomes  further  reduced,  the  foramen  becomes  marginal 
and  the  pars  orbitalis  expands.  Quite  characteristic  is  the  peculiar 
mode  of  the  reduction  of  the  jugal,  which  finally  becomes  a  vestige  em- 
bedded in  the  middle  of  the  zygomatic  arch. 

The  Zalambdodonta  are  a  verj'-  ancient  stock,  only  remotely  re- 
lated to  the  Erinaceoidei.  Matthew  (1913)  has  shown  that  in  the 
Paleocene  zalambdodont  Palceorydes  the  molar  pattern  distantly  ap- 
proached a  more  normal  tritubercular  type,  while  in  most  of  the  later 
zalambdodonts  the  peculiar  V-shaped  form  is  secondary,  not  primitive. 
The  recently  described  Nescyphontes  of  Anthony,  a  subfossil  insectivore 
from  Porto  Rico  and  Cuba,  tends  strongly  to  connect  the  soricoids  as  a 
branch  of  the  primitive  zalambdodont  stock.  The  lacrymal  r^on  in 
the  zalambdodonts,  while  more  or  less  degenerate,  is  quite  characteristic 
in  appearance  (see  page  165). 

Edentata. — The  Edentata  have  often  been  regarded  as  an  exces- 
sively ancient  branch  of  the  manmials,  almost  deserving  of  subclass 
rank,  but  recent  studies  of  Matthew  (1918)  give  evidence  that  this  order 
has  imdergone  a  ver>'  wide  adaptive  radiation  during  the  second  half 
of  the  Tertiary,  during  which  the  tree  sloths  were  derived  from  ground 
sloths  allied  to  HapalopSy  the  ant-eaters  from  others  allied  to  Scelido- 
therium.  This  conclusion  is  supported  by  the  patterns  of  the  lacrymal 
region  as  described  on  pages  167  and  168  below.  The  affinity  of  Hapa^ 
lops  to  the  tree  sloths  in  the  lacrymal  region  is  very  clear,  while  Scelido- 
therium  is  plainly  more  primitive  than  the  Myrmecophagidae.  Dr. 
Matthew  shows  also  that  the  armadillos  and  glyptodonts,  oh  the  other 
hand,  are  the  remants  of  an  older,  early  Tertiary  stock,  probably  allied 
to  the  palaeanodonts  of  Matthew.  The  lacrymal  region  of  armadillos 
(pp.  168,  169)  is  quite  distinct  from  the  primitive  ground-sloth  type. 

Pholidota. — The  PhoUdota  also  appear  to  be  derived  from  this 
primitive  edentate  source  (Matthew) .  Their  lacrymal  is  highly  degraded 
and  specialized. 

Tubulidentata. — The  Tubulidentata,  on  the  other  hand,  have  no 
relations  with  the  edentates  and  are  more  probably  highly  specialized 
offshoots  of  the  primitive  Taligrada  or  Condylarthra.     The  great  in- 
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crease  in  the  pars  facialis  of  the  lacrymal  is  associated,  as  in  many  other 
instances,  with  the  elongation  of  the  snout  and  with  the  expansion  of  the 
olfactory  chamber  and  adjacent  sinuses. 

TiENiODONTA. — The  more  primitive  Taeniodonta,  such  as  Onycho- 
dedeSf  are  now  regarded  by  Matthew  as  allied  to  the  palaeanodonts  and 
primitive  edentates.  The  lacrymal  region  and,  indeed,  the  whole  skull 
and  dentition  of  the  Paleocene  Onychodedes  are  very  primitive  and  tend 
to  connect  this  group  with  other  primitive  placentals,  especially  the 
Insectivora  (Matthew). 

Lagomorpha. — Mr.  Gidley  (1912)  has  emphasized  the  fact  that 
even  the  Oligocene  Lagomorpha  are  very  highly  specialized  and  widely 
different  in  the  dentition  and  limbs  from  the  other  rodents.  He,  there- 
fore, has  raised  the  Lagomorpha  to  ordinal  rank.  While  accepting  this 
arrangement  provisionally,  I  conclude  from  a  comparison  of  the  audi- 
tory, lacrymal,  and  basicranial  regions,  dentition,  etc.,  of  lagomorphs 
with  those  of  the  Ek)cene  Ischyromyidae  that,  on  the  whole,  the  latter 
represent  a  structural  stage  through  which  the  lagomorphs  must  have 
passed  if  they  were  derived  from  any  primitive  placentals,  as  their 
brain,  reproductive  organs,  etc.,  clearly  indicate.  The  queer  characters 
of  the  dentition  cited  by  Mr.  Gidley  and  the  cursorial  or  saltatorial 
adaptations  of  the  limbs  are  specializations  beyond  the  more  primitive 
conditions  preserved  in  the  Ischyromyidae,  although  I  do  not  suggest 
that  they  were  actually  derived  from  that  family. 

RoDENTiA. — Even  Messrs.  Miller  and  Gidley  (1918)  are  at  present 
willing  to  admit  that  after  the  exclusion  of  the  Lagomorpha  the  remain- 
ing rodents  form  a  natural  group,  and  by  extending  the  work  of  Brandt 
and  of  Tullberg  they  have  recently  given  a  remarkably  detailed  picture 
of  the  multitudinous  branches  and  subbranches  of  the  adaptive  radiation 
of  this  order.  They  will  not  admit  that  the  Eocene  Ischyromyid» 
are  ancestral  to  any  of  the  later  superfamilies  and  families,  as  held  by 
Matthew  (1910),  and  apparently  believe  that,  since  several  of  the  exist- 
ing families  are  well  established  in  the  Oligocene,  the  origin  of  the  order 
must  be  sought  far  back  in  the  Mesozoic. 

As  the  evolution  and  consequent  taxonomic  characters  of  the  lacry- 
mal of  rodents  have  been  conditioned  in  part  by  the  evolution  of  the 
gnawing  apparatus,  we  must  consider  both  together.  The  least  special- 
ized condition  is  preserved  in  the  Ischyromyidae,  in  which  the  greatly 
enlarged  premaxilla  had  already  extended  dorsoposteriorly  above  the 
maxilla,  gaining  a  wide  contact  with  the  frontal  and  restricting  the 
maxilla.    The  lacrymal  is  consequently  reduced  to  a  small  element  on 
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the  anterior  rim  of  the  orbit.  The  enlarged  jugal  retains  its  primitive 
contact  with  the  lacrymal.  The  lateral  sheet  of  the  masseter  probably 
ended  anterioriy  in  a  tubercle  borne  on  the  zygomatic  branch  of  the 
maxilla,  beneath  the  orbit. 

In  the  modern  Arctomys,  representing  the  Scim*omorpha,  the  lacry- 
mal is  further  restricted,  but  otherwise  the  lacrymal  region  is  essentially 
imchanged.  A  branch  of  the  masseter  lateralis  now  extends  in  front  of 
the  masseteric  tubercle,  on  to  the  maxilla,  in  front  of  the  orbit,  and  this 
is  the  sole  important  difference  in  this  region  between  Arctamys  and  the 
Ek)cene  Paramys.  Now  as  this  preorbital  extension  of  a  branch  of  the 
masseter  is  obviously  a  new  adaptation  which  was  not  yet  developed  in 
the  Ischyromyidae,  I  can  see  no  good  reason  for  using  the  primitive  con- 
dition of  that  family  as  evidence  for  excluding  Paramys  from  the  ancestry 
of  the  Sciuromorpha,  especially  as  the  dentition  of  Paramys  plainly  re- 
lates it  to  that  series. 

In  Castor  the  lacrymal  is  further  restricted  and  the  very  powerful 
preorbital  external  branch  of  the  masseter  has  conditioned  the  great 
strengthening  of  the  jugal  and  the  deep  incision  of  a  groove  on  the  side 
of  the  maxilla.  Somewhat  similar  conditions  are  found  in  the  geomyid 
series,  which,  like  the  castorids,  are  speciaUzed  derivatives  of  the  primi- 
tive sciuromorph  stock. 

In  the  myomorphs  a  further  reduction  of  the  lacrymal  occurs,  along 
with  an  opening  up  of  the  upper  part  of  the  infraorbital  canal  due  to  the 
invasion  of  a  medial  slip  of  the  masseter. 

In  the  dipodomorph  series  this  medial  slip  becomes  of  enormous  size, 
excavating  a  huge  fenestra  in  the  maxilla  in  place  of  the  infraorbital 
canal  and  crowding  the  masseter  lateralis  away  from  the  rostrum.    The . 
lacrjmaal  in  this  series  forms  part  of  the  dorsal  brace  for  the  zygomatic 
arch. 

Finally,  in  the  hystricomorphs,  the  jugal  withdraws  entirely  from 
this  brace,  which  is  formed  either  chiefly  by  the  maxilla  or  by  the  maxilla 
plus  the  enlarged  lacrymal  (Caviidse) ;  the  deep  fossa  for  the  masseter 
medialis  now  extends  far  forward  on  to  the  premaxilla.  In  vifew  of  the 
extreme  specialization  of  the  molar  teeth  and  of  the  lower  jaw  in  the 
hystricomorphs,  the  conditions  above  described  appear  to  be  equally 
specialized.  Finally,  as  all  this  is  in  complete  harmony  with  the  evi- 
dence afforded  by  successive  stages  of  evolution  of  the  jaws  and  dentition, 
I  believe  that  the  foregoing  is  a  true  account,  not  only  of  the  evolution 
of  the  lacrymal  and  zygomatic  region,  but  of  the  general  evolutionary 
stages  of  the  groups  represented,  and  therefore  accept  fully  the  conclu- 
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sions  of  Dr.  Matthew  that,  at  least  with  regard  to  structural  characters, 
the  Ischyromyidae  are  ancestral  to  all  the  remaining  rodents. 

TiLLODONTiA. — In  the  Tillodontia  the  skull  pattern,  including  the 
lacrymal  region,  is  derived  from  the  primitive  placental  type  and  is  re- 
lated to  the  primitive  creodont  type. 

Cetacba. — The  Cetacea  are  true  placental  mammals,  and  I  believe 
that  their  origin  is  less  excessively  remote  than  the  high  specialization 
of  existing  forms  would  suggest.  As  remarked  above  (p.  158),  the  various 
Tertiary  cetaceans  tend  to  bridge  the  gaps  between  the  Odontoceti  and 
Mystacoceti  on  the  one  hand  and  the  Archaeoceti  on  the  other.  The 
characters  of  the  lacrymal  region  further  strengthen  the  evidence  of 
relationship.  The  derivation  of  the  whole  order,  through  Protocetus, 
from  the  Hy»nodontidaB,  as  suggested  by  Fraas,  has  been  favorably 
viewed  by  Andrews,  Abel,  and  others,  but  is  doubted  by  Matthew.  A 
review  of  the  dental  and  cranial  characters  of  Protocetus  leads  to  the 
tentative  conclusion  that  if  the  archseocetes  are  related  to  the  hyseno- 
donts  it  is  probably  by  descent  from  primitive  Pseudocreodi  (Matthew). 
Other  possibilities,  such  as  relationship  with  the  achsenodont  Artio- 
dactyla,  have  been  considered  but  do  not  seem  probable. 

Artiodactyla. — The  Artiodactyla  are  a  group  of  ancient  origin 
and  uncertain  aflSnities.  They  are,  at  least,  far  removed  from  the  Peris- 
Bodactyla  with  which  they  were  formerly  bracketed  under  the  term 
Diplarthra  of  Cope.  Even  in  their  Lower  Ek>cene  representatives  the 
typical  artiodactyl  foot  structure  was  already  established  and,  while  the 
dentition  runs  back  to  primitive  quadri-  and  tritubercular  stages,  it 
sAiows  no  special  approach  to  that  of  any  other  group.  The  large  size 
of  the  lacrjrmal,  especially  of  the  pars  facialis,  is  very  characteristic, 
except  in  a  few  cases.  The  order  may  possibly  be  related  to  the  stem  of 
the  creodonts,  but  even  the  most  primitive  Eocene  DichobunidsB  are 
already  typical  artiodactyls.  The  recently  described  Eocene  genus 
Creotaravs  may,  when  better  known,  throw  some  light  on  the  origin  of 
the  order  (Matthew). 

Amblypoda. — The  Amblypoda,  as  defined  by  Osborn,  include  a 
wide  range  of  forms  from  the  smaller  Paleocene  Periptychidse  to  the 
gigantic,  excessively  short-footed  Dinocerata  of  the  Middle  Eocene. 
The  smaller,  more  primitive  families,  forming  the  order  or  suborder 
Taligrada,  are  very  primitive  placental  manmials  with  tritubercular 
dentition  and  primitive  limbs.  Some  of  them  may  be  allied  to  the  Mio- 
ekenidse  among  the  Condylarthra  (Matthew).  In  Perij>iychus  and 
Paniolambda  the  limbs  are  very  stout,  with  short  hands  and  feet  not  far 
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from  the  primitive  climbing  placental  type.  The  lacrjnnal,  known  in 
Ectoconus  and  Paniolamhda,  is  very  primitive;  in  the  Dinocerata  it  is 
spread  out  on  the  inner  wall  of  the  orbit.  This  order  and  other  short- 
footed  ungulates,  such  as  the  Embrithopoda  and  Proboscidea,  all  appear 
to  me  to  be  derived  from  primitive  short-footed  procondylarths. 

Embrithopoda. — The  Embrithopoda  differ  widely  from  the  Dino- 
cerata, as  noted  by  their  describer,  Dr.  Andrews,  who  has  suggested  re- 
mote relationship  with  the  Hyracoidea.  Their  lacrymal  region  is  com- 
paratively primitive,  but  does  not  afford  much  evidence  on  this  point. 
Arsinoitherium  may  prove  to  be  a  graviportal  derivative  of  some  condy- 
larth  stock,  paralleling  the  rhinoceroses  and  astrapotheres  in  molar 
pattern. 

Pyrotheria  and  Barytheria. — The  genetic  relations  of  the  Pyro- 
theria  and  Barytheria  with  the  Proboscidean-Sirenian  stem  will  shortly 
be  discussed  by  Professor  Loomis. 

Proboscidea  and  Hyracoidea. — The  Proboscidea  and  Hyracoidea 
were  often  supposed  to  be  related  groups,  but  they  were  already  very 
different  even  in  very  early  Tertiary  times  and  they  may  rather  be  quite 
independent  offshoots  perhaps  from  the  Condylarthra.  Even  the  oldest 
known  proboscidean,  Moeritheriuniy  is  far  more  specialized  in  skull  and 
dentition  than  any  condylarth.  While  the  structural  gap  between  the 
two  groups  is  too  great  to  permit  positive  statements,  it  seems  probable 
that  every  one  of  the  specialized*  characters  of  the  dentition  of  Mceri- 
therium  has  been  derived  from  the  far  more  primitive  conditions  in  some 
such  primitive  procondylarth  as  Hyopsodus  walcottianits  Matthew  (1915, 
p.  322),  which  has  primitive,  gently  procumbent  incisors,  small  canines, 
and  the  right  kind  of  premolars  and  molars.  This  conclusion  is  a  natural 
inference  from  what  is  known  of  the  course  of  evolution  of  the  dentition 
in  parallel  cases.  The  specialized  incisors  and  small  canines  of  Mceri" 
therium  are  surely  derived  from  the  far  more  primitive  placental  condi- 
tions represented  in  Hyopsodus  walcottianus;  its  molars,  while  still  quad- 
ri tubercular,  show  the  beginnings  of  the  lophodont  modification  which 
has  masked  their  primitive  placental  characters;  its  upper  premolars, 
however,  are  relatively  primitive  derivatives  of  an  Hyopsodus-hke 
type;  and  the  same  is  true  of  the  lower  premolars  and  molars. 

Similarly,  with  regard  to  foot  structure,  both  the  manus  and  the  pes 
of  Elephas  are  simply  gigantic  and  brachypodal  modifications  of  a  primi- 
tive condylarth  type.  This  conclusion  will  probably  be  rejected  as  too 
speculative  by  most  palaeontologists,  and  is  here  recorded  rather  as  a 
prophecy  than  as  a  thesis  capable  of  satisfactory  demonstration,  but  I 
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suspect  that  the  prunitive  hyopsodont  Condylarthra  are  a  much  better 
starting  point  than  the  TaUgrada  for  the  line  that  culminated  in  the 
Proboscidea.  As  to  the  relations  of  the  Moeritheriidse,  while  it  is  quite 
possible  that  Mceritherium  is  related  to  the  Sirenia  (Osborn,  1909)  the 
numerous  detailed  and  pecuUar  resemblances  to  Paloeomastodim  in  denti- 
tion and  skull  structure  fully  support  Dr.  Andrews  in  regarding  it  as  the 
most  primitive  known  member  of  the  Proboscidea. 

The  lacrymal  region  of  Proboscidea  (p.  180)  is  speciaUzed  through 
the  forward  shifting  of  the  orbits  and  thus  affords  Ao  definite  evidence 
of  relationship  with  more  primitive  groups.  The  lacrymal  region  of 
Mcmtherium  is  far  more  primitive  than  that  of  PalcemnastoHon  and,  in 
connection  with  other  evidence,  it  supports  the  view  that  Palceomastodon 
was  derived  from  a  Mcerithsrium-^e  stage. 

Sirenia. — The  Sirenia,  although  very  highly  specialized  for  aquatic 
life,  show  special  resemblances  with  Mceritherium  in  the  skull  (including 
the  orbital  region)  and  dentition,  and  are  generally  regarded  as  a  deriva- 
tive of  the  proboscidean  stem. 

Condylarthra. — The  Condylarthra,  as  recently  revised  by  Matthew 
and  Granger  (1915,  Parts  2  and  3),  include,  in  addition  to  the  Phenaco- 
dontidffi  (Paleocene  and  Lower  Eocene),  the  famiUes  Mioctenidae  (Pale- 
ocene),   Hyopsodontidae   (Lower  to  Upper  Eocene),  Meniscotheriidae 
(Lower  Eocene),  and  possibly  also  the  Pleuraspidotheriidae  (Paleocene, 
Europe).    The  Lower  Eocene  Phenacodus  was  regarded  by  Cope  as  the 
five-toed  atavus  of  the  hoofed  mammals  and  in  popular  writings  has 
often  been  referred  to  as  the  oldest  known  stage  in  the  evolution  of  the 
Equidae.    But  Matthew  (1897)  showed  that  its  '^ serial"  foot  structure  is 
not  primitive  but  derived  from  the  more  primitive  conditions  in  the 
Paleocene  Euprotogonia  {Tetrachodon),  its  direct  ancestor,  and  Osborn 
(in  the  forthcoming  monograph  on  the  Titanotheres)  regards  it  as  having 
no  relationship  with  the  contemporary  perissodactyla.     Ectocion,  how- 
ever, of  the  same  family,  is  regarded  by  Granger  (1915)  as  ''presenting 
the  type  of  upper  molar  from  wliich  the  perissodactyl  molars  might  have 
been  derived"  and  the  same  may  be  said  of  the  lower  molars  and  of  the 
upper  and  lower  premolars.    The  lacrymal  region  (p.  176)  in  this  family 
is  known  only  in  PhenacodicSy  where  it  is  fairly  primitive  but  not  specially 
akin  to  the  perissodactyl  type.   While  Phenacodus  itself  is  not  an  ancestor 
of  the  Perissodactyla,  it  retains  many  characters  in  the  skull  and  skeleton 
which  tend  to  support  the  view  that  the  remote  ancestors  of  the  hippoid 
and  other  Perissodactyla  once  passed  through  a  condylarth  stage  re- 
sembling Ectocion  (Gregory,  1910,  pp.  387-397,  450-451). 
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The  fact  that  Phenacodus  has  a  ball  and  socket  lower  ankle  joint 
while  the  known  perissodactyls  have  a  hinge  joint  is  not,  I  think,  a  valid 
objection  to  the  foregoing  conclusion,  since  the  hinge  joint  is  a  progres- 
sive character  of  the  perissodactyls,  while  the  ball  and  socket  ankle 
joint  is  a  primitive  placental  character.  The  serial  manus  of  Phenacodus, 
as  above  noted,  is  probably  a  specialized  generic  character. 

The  Meniscotheriidse  (Granger,  1915)  are  widely  different  from  the 
PhenacodontidoB  in  dentition  and  skull  as  well  as  in  the  proportions  of 
the  limbs.  They  have  short,  spreading  hands  and  feet  of  primitive 
placental  type,  in  contrast  with  the  narrower,  more  tridactyl  feet  of 
Phenacodonts.    Their  lacrymal  region  is  also  primative  (p.  175). 

Their  buno-lophoselenodont  upper  molarspr  esent  a  complex  crown- 
pattern  which  differs  from  those  of  the  Eocene  titanotheres  and  chali- 
cotheres  chiefly  in  the  stronger  development  of  the  proto-  and  meta- 
conules.  The  lower  molars  and  both  the  lower  and  upper  premolars 
also  have  many  points  of  resemblance  with  the  corresponding  parts  in 
chalicotheres  and  titanotheres.  Many  other  resemblances  to  these 
groups,  mixed  with  much  more  primitive  placental  characters,  are  re- 
vealed by  a  study  of  the  skull,  vertebrae,  humerus,  femur,  radius  and 
ulna,  tibia  and  fibula,  astragalus,  manus  and  pes  of  Meniscotherium 
chamense  terrasmbrod.  Obviously,  however,  this  Lower  Eocene  menis- 
cothere  is  not  ancestral  to  the  titanotheres,  and  probably  not  to  the 
chalicotheres. 

The  PhenacodontidflB,  Hyopsodontidse,  and  the  Mioclaenidse 
run  back  into  very  small  and  extremely  primitive  species  in  the  Paleocene, 
which  have  bunodont  tritubercular  molars  and  are  not  far  from  the 
primitive  arboreal  placental  stock.  They  are,  in  fact,  so  primitive  that 
it  is  only  recently  that  Matthew  and  Granger  have  been  able  to  show 
that  they  are  Condylarthra.  Thus,  the  order  Condylarthra  is  of  great 
phylogenetic  interest.  Unfortunately,  its  best  and  most  widely  known 
member,  Phenacodus  primcBvuSj  of  the  Lower  Eocene,  represents  the  most 
specialized  stage  of  its  own  phylum  and  never  deserved  the  high  place 
once  assigned  to  it  as  the  '*atavus  of  the  hoofed  mammals."  Neverthe- 
less, the  order  is  probably  related,  through  some  of  the  smallest  and 
oldest  members,  on  the  one  hand  with  the  primitive  arboreal  placentals 
and  on  the  other  hand  with  the  Periptychid®,  the  Perissodactyla,  the 
Proboscidea,  the  Hyracoidea,  and  all  the  orders  of  extinct  South  Ameri- 
can ungulates. 

The  Mioclaenidffi,  which  are  referred  to  this  order,  are  perhaps  even 
more  primitive  than  any  known  creodont,  and  some  of  the  smallest 
mioclaenids  may  stand  near  the  source  of  the  Primates. 
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Hyracoidea. — The  Hyracoidea  of  the  Lower  OUgocene  of  Egj'pt 
are  already  specialized,  both  in  skull  structure  and  in  dentition,  and 
afford  but  little  clue  as  to  the  origin  of  the  group.  The  bunoselenodont 
upper  molars  and  relatively  advanced  premolars  might  have  been 
derived,  partially  by  the  reduction  of  the  **conules,"  from  those  of  a 
MeniscotheriumAike  condylarth.  The  Hyracoidea  resemble  certain 
Perissodactyla  in  a  number  of  characters,  and  maj^  well  be  a  partly 
parallel  offshoot  from  the  pro-Condylarthra.  The  lacrymal  region  of 
the  older  forms  is  allied  to  the  primitive  condylarth  type,  but  more 
specialized. 

NoTouNGULATA,  ETC. — The  extiuct  South  American  ungulates, 
excepting  the  pyrotheres,  exhibit  a  great  adaptive  radiation,  of  which 
the  several  branches  parallel  the  Perissodactyla,  the  Hyracoidea,  and  in 
some  cases  the  Rodentia,  in  body  form,  dentition,  and  foot  structure. 
The  rodent*  resemblances  of  the  typotheres  are  pure  analogies,  but  the 
perissodactyl  and  hyracoid  characters  are  probably  due  to  the  independ- 
ent derivation  of  all  these  groups  from  primitive  Condylarthra.  Thanks 
to  the  labors  of  Buimeister,  Ameghino,  Lydekker,  Roth,  Scott,  and 
others,  it  is  estabUshed  that  the  South  American  ungulates  include  three 
very  distinct  orders,  the  Litopterna,  the  Notoungulata,  and  the  Pyro- 
theria.  The  Litopterna  run  back  into  small  forms  with  relatively  primi- 
tive dentition,  which  in  some  cases  suggest  condylarth  types.  The 
Notoungulata  have  rhinocerotoid  molars,  but  often  with  an  **  accessory 
pillar"  in  the  lower  molars  and  extra  folds  in  the  upper. 

The  lacrymal  region  of  the  Litopterna  and  Notoungulata,  so  far  as 
known,  is  readily  derivable  from  the  condylarth  type. 

Pybotheria. — The  Pyrotheria,  according  to  Professor  Loomis, 
may  be  related  to  the  Proboscidea  and  Sirenia. 

Perissodactyla. — The  very  numerous  and  diversified  perisso- 
dactyls  of  the  Eocene  have  been  studied  and  described  by  many  writers, 
including  Cope,  Kowalevsky,  Osborn,  Schlosser,  Dep^ret,  Stehlin, 
Matthew,  Granger,  and  others,  who  have  worked  out  the  systematic 
relations  and  evolution  of  the  different  families.  Professor  Osborn 
(1898)  has  divided  the  order  into  five  superfamilies,  Hippoidea,  Tapiroi- 
dea,  Rhinocerotoidea,  ChaUcotheroidea,  and  Titanotheroidea.  These 
superfamilies  may  be  considered  under  two  series,  the  first,  or  plagiolo- 
phodont  series  including  the  horses,  palseotheres,  tapirs,  lophiodonts, 
rhinoceroses  and  their  allies,  and  the  second,  or  bunolambdodont  series, 
the  chalicotheres,  lambdotheres,  and  titanotheres.  The  plagiolophodont 
series  tend  to  have  bunolophodont  to   buno-lophoselenodont   molars, 
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with  prominent  oblique  proto-  and  metalophs;  their  premolars  are 
often  precociously  molarized;  the  manus  and  pes  are,  usually,  progres- 
sively mesaxonic.  Starting  with  small  subcursorial  forms  like  Eohippus 
and  Systemodorij  they  give  rise  to  a  great  adaptive  radiation  of  graviportal 
and  cursorial  phyla,  with  the  well-known  specialized  dentitions  of  the 
horses,  tapirs,  rhinoceroses,  and  allied  families.  The  related  bimolamb- 
dodont  group,  on  the  other  hand,  shows  a  strong  tendency  to  develop 
bunolambdodont  molars  with  more  or  less  reduced  proto-  and  metalophs, 
which  become  vestigial  in  many  titanotheres;  the  premolars  are  imper- 
fectly and  slowly  molarized;  and  the  fore  feet  pass  from  the  mesaxonic 
either  to  the  paraxonic  or  to  an  asymmetrical  arrangement. 

In  both  series  the  nasals  are  large  and  are  originally  in  contact  with 
the  lacrymals.  All  the  superfamiUes  run  back  to  the  stem  of  the  Peris- 
sodactyla. 

Menotyphla. — The  Menotyphla  are  widely  removed  from  the 
typical  Insectivora  or  Lipotyphla  and  are  probably  related  to  the  stem 
of  the  Primates,  with  which  they  agree  in  many  important  characters. 
But  the  separation  of  the  two  orders  probably  took  place  as  far  back  as 
the  Paleocene,  since  the  Paleocene  and  Lower  Eocene  Plesiadapidae, 
which  appear  to  be  Menotyphla,  were  already  distinct  from,  although 
related  to,  the  Primates. 

The  lacrymal  region  of  the  modem  Menotyphla  is  specialized  by  the 
inflation  of  the  sinus  in  its  interior,  paralleling  that  of  Lemur  in  the  great 
extension  of  the  pars  facialis. 

Dermoptera. — The  Dermoptera  are  at  the  present  time  an  isolated 
group  apparently  related  remotely  to  the  Menotyphla  and  to  the 
Chiroptera.  As  noted  by  Matthew  (1918),  the  group  was  possibly  repre- 
sented in  the  Lower  Eocene  by  the  genus  Plagiomene. 

Chiroptera. — The  Chiroptera  date  back  at  least  to  the  Paleocene 
(Matthew,  1917)  and  are  perhaps  remotely  related  to  the  Meno- 
typhla-Primate  stock.  They  apparently  tend  to  confirm  the  theory  of 
the  arboreal  origin  of  the  placentals  and  their  source  must  be  sought 
among  the  primitive  bunodont,  insectivorous-frugivorous  mammals. 

Primates. — The  premolars  and  molars  of  the  most  ancient  and 
primitive  Primates  resemble  in  many  characters  those  of  the  smallest 
mioclaenid  Condylarthra,  and  it  is  possible  that  Cope  may  eventually  be 
justified  in  his  openion  that  the  Condylarthra  were  ancestral  to  the 
Primates  as  well  as  to  many  other  orders.  From  the  first  the  dentition  is 
of  the  bunodont  frugivorous-insectivorous  type  and  the  primates  avoid 
both  the  shearing  and  the  advanced  lophodont  modifications  of  other 
orders. 
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The  foot  structure  of  the  Eocene  primates  (Adapid®,  Tarsiidse)  is 
already  completely  arboreal  in  type,  with  elongate  phalanges,  more  or 
less  flattened  ungues  and  sharply  divergent  hallux.  Such  hands  and 
feet  can  never  have  been  derived  from  specialized  terrestrial  types  and 
their  characters  seem  to  lend  support  to  Dr.  Matthew's  conclusion 
(1904)  that  the  stem  placentals  were  more  or  less  arboreal  in  habit. 
The  pes  is  literally  condylarthrous,  as  the  ankle-joint  is  of  the  ball  and 
socket  type. 

The  lacrymal  region  even  of  the  Eocene  primates  was  already 
specialized  in  the  reduction  of  the  pars  facialis,  but  is  otherwise  of  primi- 
tive placental  type,  which  affords  no  very  definite  evidence  of  the  origin 
of  the  group. 
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1917.  BrachyceratopSy  a  Ceratopsian  Dinosaur  from  the  Two  Medicine 
Formation  of  Montana.  U.  S.  Geol.  Surv.,  Prof.  Paper  103,  pp.  1-45. 
[Skull  pattern.) 
Goodrich,  E.  S.  1909.  A  Treatise  on  Zoology.  Part  IX.  Vertebrata  Craniata 
(First  Fascicle:  Cyclostomes  and  Fishes).  Edited  by  Sir  Ray  Lan- 
kester.    [Numerous  skull  patterns  of  recent  and  fossil  fishes.] 

1919.  Restorations  of  the  Head  of  Osteokpis.  Journ.  Linn.  Soc.  London, 
Zool.,  XXXIV,  pp.  181-188. 

Gregory,  W.  K.     1910.    The  Orders  of  Mammals.    Bull.  Amer.  Mus.  Nat.  Hist., 

XXVII,  pp.  1-524.    [Phylogenetic  relationships.] 
1913.    Homology  of  the  ** Lacrimal"  and  of  the  **Alisphenoid"  in  Recent 

and  Fossil  Reptiles.    Bull.  Geol.  Soc.  Amer.,  XXIV,  pp.  241-246. 
1913.    Critique  of  Recent  Work  on  the  Morphology  of  the  Vertebrate  Skull, 

especially  in  relation  to  the  Origin  of  Mammals.     Joum.  Morph., 

XXIV,  No.  1,  pp.  1-42.    ILacrymal,  pp.  3,  4.) 

1915.  Present  Status  of  the  Problem  of  the  Origin  of  the  Tetrapoda.  Ann. 
N.  Y.  Acad.  Sci.,  XXVI,  pp.  317-383.  [Lacrymal  region  of  Rhipidistii; 
comparison  with  stegocephs.] 

1915.  I.  On  the  Relationships  of  the  Eocene  Lemur  Notharctus  to  the 
Adapidse  and  to  other  Primates.  II.  On  the  Classification  and  Phylo- 
geny  of  the  Lemuroidea.    Bull.  Geol.  Soc.  Amer.,  XXVI,  pp.  419-446. 

1916.  Studies  on  the  Evolution  of  the  Primates.  Part  I.  The  Cope- 
Osbom  **  Theory  of  Trituberculy  "  and  the  Ancestral  Molar  Patterns  of 
the  Primates.    Bull.  Amer.  Mus.  Nat.  Hist.,  XXXV,  pp.  239-355. 

1917.  The  Coal  Measures  of  North  America.  Amer.  Naturalist,  U,  pp. 
311-320.    [Review  and  critique  of  Moodie,  1916.] 

1920.  The  Structure  and  Relations  of  Notharctusy  an  American  Eocene 
Primate.    Mem.  Amer.  Mus.  Nat.  Hist.,  (N.  S.)  VII,  part  2,  pp.  49-243. 

Gregory,  W.  K.,  and  Adams,  L.  A.  1915.  The  Temporal  Fossae  of  Vertebrates  in 
relation  to  the  Jaw  Muscles.    Science,  N.  S.,  XLI,  pp.  763-765. 

Hatcher,  J.  B.,  Marsh,  O.  C,  Lull,  R.  S.  1907.  The  Ceratopsia.  Monographs 
of  the  U.  S.  Geol.  Surv.,  XLIX.    [Skull  patterns.] 
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Haughton,  ^.  H.  1915.  Investigations  in  South  African  Fossil  Reptiles  and 
Amphibia.  1.  Oa  a  New  Species  of  Trematosaurus  {T.  Scibeyi). 
Ann.  S.  Afr.  Mus..  XII,  part  2,  pp.  4-54.  [Skull  pattern;  cross-section 
through  lacrymai  region.] 

1918.  Investigations  in  South  African  Fossil  Reptiles  and  Amphibia.  2. 
Some  New  Carnivorous  Therapsida,  with  Notes  upon  the  Brain-case 
in  Certain  Species.  Ann.  S.  Afr.  Mus.,  XII,  part  6,  pp.  175-216.  [Skull 
patterns  of  AlopecognalhuSy  Whaitttia;  lacrymai  of  Cynosiichus.] 

1919.  A  Review  of  the  Reptilian  Fauna  of  the  Karroo  System  of  South 
Africa.  Trans.  Geol.  Soc.  S.  Afr.,  XXII,  pp.  1-25.  (Patterns  of  skulls, 
taxonomy;  faunal  sequence  of  Karroo  System.] 

HiLZHEiMER,  M.     1910.     Zur  systematischen  Bedeutung  des  Tr&nenbeines.    Zool. 

An«.,  XXXVl,  pp.  42-47.    [Criticism  of  Knottemus-Meyer.] 
Hoffman,  B.     1882.     Die  Thr&nenwege  der  Vogel  und  Reptilien.     Zeitschr.  f. 

Naturwiss.,  (4)  I,  pp.  375-410. 
HoLULND,  W.  J.  AND  Peterson,  O.  A.     1914.    The  Osteology  of  the  Chalicotheroidea. 

Mem.  Carnegie  Mus.,  Ill,  No.  2,  pp.  189-406,  Pis.  XLViii-LXxvn. 

[Lacrymai  region.] 
Howes,  G.  B.,  and  Swinnerton,  H.  H.    1901.    On  the  Development  of  the  Skeleton 

of  the  Tuatera,  Sphenodon  punctatus.  Trans.  Zool.  Soc.  London,  XVI, 

part  1,  pp.  1-80,  Pis.  i-vi.    [Lacrymai  region.] 
HuENE,  F.  von,     1910.     Ueber  einen  echten  Rhynchocephalen  aus  der  Trias  von 

Elgin,  Brachyrhinodon  Taylori.    Sep.-Abd.  Neuen  Jahrb.  ftir  Mineralo- 

gie  u.  8.  v.,  II,  pp.  29-62. 

1910.  Neubeschreibung  des  Permischen  Stegocephalen  Dasyceps  Buck- 
landi  (Lloyd)  aus  Kenilworth.  Geol.  u.  Pal.  Abhandl.  (Koken),  N. 
F.,  VIII,  part  6,  pp.  33-46.    [Skull  pattern.] 

1914.  Ueber  die  ZweistHmmigkeit  der  Dinosaurier,  mit  Beitr&gen  zur 
Kenntnis  einiger  Sch&del.  Sep.-Abd.  Neuen  Jahrb.  ftlr  Mineralogie 
u.  s.  v.,  Beil.-Bd.  XXXVII,  pp.  577-589,  Pis.  vii-xii.    (Skull  patterns.] 

1911.  Beitrage  zur  Kenntnis  und  Beurteilung  der  Parasuchier.  Geol.  u. 
Pal.  Abhandl.  (Koken).  N.  F.,  X,  part  1.    [Skull  patterns.] 

1913.  The  Skull  Elements  of  the  Permian  Tetrapoda  in  the  American  Mu- 
seum of  Natural  History,  New  York.  Bull.  Amer.  Mus.  Nat.  Hist., 
XXXII,  pp.  315-386. 

1914.  Beitr&ge  ziu*  Kenntnis  des  Schadels  einiger  Pterosaurier.  Geol.  u. 
Pal.  Abhandl.  (Pompeckj  u.  von  Huene),  N.  F.,  XIII,  part  1,  pp.  57-65. 
[Skull  patterns.] 

1914.     Beitr&ge  zur  Geschichte  der  Archosaurier.  Geol.  u.  Pal.  Abhandl. 
(Pompeckj  u.  von  Huene),  N.  F.,  XIII,  part  1.    [Skull  patterns.] 
Jaekei^  O.     1903.     Ueber  die  Epiphyse  und  Hypophyse.    Sitz.-Ber.  d.  Ges.  Nat- 
urforsch.  Freunde  zu  Berlin,  Jahrg.  1903,    Nr.   2,    pp.   27-58.    [Skull 
patterns  of  stegocephs  and  fishes.] 

1903.  Ueber  Ceraterpeton,  Diceratosaurus  und  Diplocauliis,  Sep.-Abd. 
Neuen  Jahrb.  ftir  Mineralogie  u.  s.  v.,  I,  pp.  109-134.  [Skull  patterns.] 

1904.  Ueber  den  Sch&delbau  der  Dicynodonten.  Sitz.-Ber.  d.  Ges.  Natur- 
forsch.  Freunde  zu  Berlin,  11  Oct.,  pp.  172-188.  [Prefrontal 
identified   as  lacrymai.] 
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1905.  Ueber  den  Schadelbau  der  Nothosauriden.  Sitz.-Ber.  d.  Ges.  Xat- 
urforsch.  Freunde  zu  Berlin,  No.  2,  pp.  60-84,  8  text  figures.  ISkull 
patterns  of  TrematosauruSy  Sphenodan,  Placochelysy  Simosaurus^  typi- 
cal Nothoeaurid;  prefrontal  identified  as  lacrymal.) 
1915-1916.  Die  Wirbeltierfunde  aus  dem  Keuper  von  Halbcrstadt. 
Palffiontolog.  Zeitschr.,  II,  part  1,  pp.  88-112,  (1915);  part  2,  pp.  113- 
214,  Pis.  ii-vii  (1916).  (Skull  and  skeleton  of  Stegochelys  (Triassochelys) 
dux.] 

Jones,  Wood.  1917.  The  Structure  of  the  Orbi to-temporal  Region  of  the  Skull  of 
Lemur.    Proc.  Zool.  Soc.  London,  pp.  323-329. 

Keith,  Arthur.  1913.  Human  Embryology  and  Morphology.  475  pp.  Lon- 
don.   (Development  of  lacrymal  duct,  etc.] 

Kernan,  J.  D.  1918.  The  Skull  of  Ziphius  cavirostris.  Bull.  Amer.  Mus.  Nat. 
Hist.,  XXXVIII,  pp.  349-394. 

KiNGSLEY,  J.  S.  1912.  Comparative  Anatomy  of  Vertebrates.  Philadelphia. 
(References  to  lacrymal  gland,  etc.) 

Knotternus-Meyer,  T.  1907.  Ueber  das  Trftnenbein  der  Huftiere.  Archiv  ftir. 
Naturgesch.,  XXXVII,  part  1,  pp.  1-152,  Pis.  i-v.  [Classification 
based  on  characters  of  lacrymal.) 

KoBER,  J.  1880.  Vergleichend-anatomische  Beitr&ge  zur  Geschichte  des  Thranen- 
beines.  Jahreshefte  d.  Ver.  f.  vaterland.  Naturk.  in  Wtirttemberg, 
Stuttgart,  pp.  118-154. 

Lambe,  L.  M.  1913.  A  New  Genus  and  Species  of  Ceratopsia  from  the  Belly  River 
Formation  of  Alberta.  Ottawa  Naturalist,  XXVII,  pp.  109-116,  Pis. 
x-xii.  [Skull  patterns  of  Ceratopsia.] 
1914.  On  Gryposaurus  notabilis,  a  New  Genus  and  Species  of  Trachodont 
Dinosaur  from  the  Belly  River  Formation  of  Alberta,  with  a  Descrii>- 
tion  of  the  Skull  of  Chasmxtsaurus  belli.  Ottawa  Naturalist,  XXVII, 
pp.  145-155,  Pis.  xviii-xx.    [Skull  patterns.) 

1914.  On  a  New  Genus  and  Species  of  Carnivorous  Dinosaur  from  the 
Belly  River  Formation  of  Alberta,  with  a  Description  of  the  SkuU  of 
Stephanosaurus  marginatus  from  the  Same  Horizon.  Ottawa  Naturalist, 
XXVIII,  pp.  13-20,  PL  I.    [SkuU  patterns.) 

1915.  On  Eoceratopt*  canadensis^  Gen.  Nov.,  with  Remarks  on  Other  Genera 
of  Cretaceous  Horned  Dinosaurs.  Mus.  Bull.  No.  12,  Geol.  Ser.,  No. 
24,  pp.  1-25,  Pis.  i-xi,  Ottawa     [Skull  patterns.) 

Lankester,  E.  R.  1€01.  On  the  Affinities  of  jEluropus  melanoleucus,  A.  Milne- 
Edwards.  Trans.  Linn.  Soc.  London,  (2)  VIII,  pp.  163-172,  Pis.  xviii- 
XX.  [Skull.! 

Le  Double,  A.  F.  1900.  Essai  sur  la  Morphog6nie  et  les  Variations  du  Lacrymal 
et  des  Osselets  P^ri-Lacrymaux  de  I'Homme.  Bibliographic  Anatomi- 
que,  Vlll,  part  3,  pp.  109-182.    Paris,  Nancy. 

Lortet,  L.  1892.  Les  Reptiles  Fossiles  du  Bassin  du  Rh6ne.  Ext.  Arch.  Mus.  Hist. 
Nat.  Lyon,  V,  pp.  1-139,  Pis.  i-xii.  [Skull  patterns  of  Sauranodoriy 
Pleurosaurus,  AlligaioreUus.] 

McGregor,  J.  H.  1906.  The  Phytosauria,  with  Especial  Reference  to  Mystrio- 
suchus  and  Rhytidodon.  Mem.  Amer.  Mus.  Nat.  Hist.,  IX,  part  2, 
pp.  30-101,  Pis.  vi-XT.    [Skul)  patterns  of  Phytosaurs.) 


Digitized  by 


Google 


1920]  Gregory y  Studies  in  Comparative  Myology  and  Osteology  257 

Major,  C.  I.  Forsyth.     1901.    On  some  Characters  of  the  Skull  in  the  Lemurs 
and  Monkeys.    Proc.  Zool.  Soc.  London,  Feb.  19,  pp.  129-153,  Pis. 
'    xi-xiii.  [Skull  patterns,  lacrymal  region.) 
Mabsh,  O.  C.     1886.    Dinocerata.    Monogr.  U.  S.  Geol.  Surv.,  X,  pp.xviii-|-243. 

Pis.  i-LV.    [Lacrymal  region.) 
Matthew,  W.  D.     1897.    A  Revision  of  the  Puerco  Fauna.    Bull.  Amer.  Mus.  Nat. 
Hist..  XXII,  pp.  259-323.    [Systematic  and  phyletic  relations.) 
1904.    The  Arboreal  Ancestry  of    the    Manmialia.     Amer.    Naturalist, 

XXXVIII,  Nos.  455^56,  pp.  811-818. 
1909.    The  Camivora  and  Insectivora  of  the  Bridger  Basin,  Middle  Eocene. 
Mem.  Amer.  Mus.  Nat.  Hist.,  IX,  part  6,  pp.  293-567,  Pis.  xuii-lii. 
[Lacrymal  region  of  Vtdpamis,  Limnocyon,  Thinocyon^  Harpagolestes, 
Hyopsodus;  classification  of  Creodonta.) 

1909.  Observations  upon  the  Genus  Ancodon.  Bull.  Amer.  Mus.  Nat.  Hist., 
XXVI,  pp.  1-7. 

1910.  On  the  Skull  of  Aptemodus  and  the  Skeleton  of  a  new  Artiodactyl. 
Idem,  XXVIII,  pp.  33-42. 

1910.  On  the  Osteology  and  Relationships  of  Paramys,  and  the  Affinities 
of  the  Ischyromyidae.    Idem,  XXVIII,  pp.  43-71.    [Skull  patterns.) 

1913.  A  Zalambdodont  Insectivore  from  the  Basal  Eocene.  Idem,  XXXII, 
pp.  307-314. 

1916.  A  Marsupial  from  the  Belly  River  Cretaceous  . . .  Idem,  XXXV,  pp. 
477-560.    [Affinities  and  classification.) 

1917.  A  Paleocene  Bat.    Idem,  XXXVII,  pp.  569-571. 

1917.  The  Dentition  of  Nothodecles.    Idem,  XXXVII,  pp.  831-839. 
Matthew,  W.  D.  and  Granger  W.     1915.     A  Revision  of  the  Lower  Eocene 

Wasatch  and  Wind  River  Faunas.  Part  I.    Order  Ferse  (Camivora), 
Suborder  Creodonta.    Bull.  Amer.  Mus.  Nat.  Hist.,  XXXIV,  pp.  1-103. 
1915.     Part  III.    Order  Condylarthra.    Idem,  XXXIV,  pp.  329-361. 

1915.  Part  IV.  Entelonychia,  Primates,  Insectivora  (Part).  Idem, 
XXXIV,  pp.  429-483. 

1918.  Part  VI.  Insectivora  (cont.),  Glires,  Edentata.  Idem,  XXXVIII, 
pp.  565-643. 

Meckel,  J.  F.     1824.    System  der  vergleichenden  Anatomic.  Theil  II,  Abt.  I,  iv-f 

540  pp. 
Merriam,  J.  C.     1908.    On  Triassic  Ichthyosauria,  with  Special  Reference  to  the 

American  Forms.    Mem.  Univ.  Calif.,  I,  No.  1,  pp.  1-196,  Pis.  i-xviii. 

[Skull  patterns.) 
Miller,   G.  S.     1918.     A  New  River-Dolphin  from  China.     Smithsonian  Mis- 

cellaneoys  Collections,  LXVIII,  No.  9,  pp.  1-11,  Pis.  i-xiii.    [Skulls  ot 

Platanistidse,  etc.) 
Miller,  G.  S.  and  Gidley,  J.  W.     1918.     Synopsis  of  the  Supergeneric  Groups  of 

Rodents.  Joum.  Washington  Acad.  Sci.,  VIII,  No.  13,  pp.  431-448. 

[Classification.) 
MooDiE,  R.  L.     1908.     The  Lateral  Line  System  in  Extinct  Amphibia.  Joum. 

Morph.,  XIX,  No.  2,  pp.  511-540.    [Comparison  with  fishes.) 

1916.  The  Coal  Measures  Amphibia  of  North  America.  Carnegie  Insti- 
tution of  Washington,  Publication  No.  238,  xH- 222  pp.,  26  Pis.  [Skull 
patterns.) 
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Newton,  E.  T.  1888.  On  the  Skull,  Brain,  and  Auditory  Organ  of  a  New  Species 
of  Pterosaurian  (Scapkognathus  purdoni)  from  the  Upper  Lias  near 
Whitby,  Yorskhire.  Phil.  Trans.  Roy.  Soc.  Lond.,  (B)  CLXXIX, 
pp.  503-537. 
OsBORN,  H.  F.  1888.  The  Structure  and  Classification  of  the  Mesozoic  Mammalia. 
Joum.  Phil.  Acad.  Sci.,  DC.  No.  2,  pp.  186-265. 

1892»  Is  Meniscolherium  a  Member  of  the  Chalicotherioidea?  Amer. 
Naturalist,  XXVI,  No.  306,  pp.  507-509.  [Suggests  that  there  is  a 
presumption  in  favor  of  a  genetic  relationship  between  Meniscolherium 
and  the  Chalicotherioidea.] 

1898.  Remounted  Skeleton  of  Phenacodus  primcetms.  Comparisons  with 
Eupfotogonia.    Bull.  Amer.  Mus.  Nat.  Hist.,  X,  pp.  159-164,  PI.  xii. 

1898.  The  Extinct  Rhinoceroses,  Parts  I,  II.  Mem.  Amer.  Mus.  Nat.  Hist ., 
I,  part  ^  pp.  75-164,  Pis.  xii-xx.  [Lacrymal  region  of  Leptaceralheriumy 
Aceratherium  copei,  etc.,  in  Pis.  xiv-xvii.) 

1903.  The  Reptilian  Subclasses  Diapsida  and  Synapsida  and  the  E^rly 
History  of  the  Diaptosauria.  Idem,  I,  part  8,  pp.  451-519.  [Classifi- 
cation.] 

1907.  Evolution  of  Mammalian  Molar  Teeth  to  and  from  the  Triangular 
Type.  viH-250  pp.    8vo.    New  York. 

1909.  The  Feeding  Habits  of  McerUherium  and  Palceomastodon.  Nature, 
LXXXI,  No.  2074,  pp.  139-140.    [Affinities  of  these  Genera.) 

1910.  The  Age  of  Mammals.    xviiH-635  pp.    8vo.    New  York. 

1912.     Crania  of  Tyrannosaurus  and  AllosauruSy  Mem.  Amer.  Mus.  Nat. 

Hist.,  N.  S.,  I,  part  1,  pp.  1-30,  Pis.  i-iv. 
1918.     Equidae  of  the  Oligocene,  Miocene  and  Pliocene  of  North  America. 

Iconographic  Type  Revision.    Idem,  N.  S.,  II,  part  1.    [Numerous  skull 

patterns.) 
OsBORN,  H.  F.,  AND  Matthew,  W.  D.     1909.    Cenozoic  Mammal  Horizons  of 

Western  N.  America.  U.  S.  Geol.  Surv.  Bull.  361,  pp.  1-138.    [Faunal 

lists.) 
Owen,  Richard.     1843.     MS.  Catalogue  of  the  Osteological  Collection  in  the  Mu- 
seum of  the  Royal  College  of  Surgeons,  I  [issued  1853),  vii-f  350  pp. 

London.    [Table  of  Synonyms:  Bones  of  the  Vertebrata,  according  to 

their  Special  Homologies,  pp.  xxxviii-xliii.] 
1846.     Lectures  on  the  Comparative  Anatomy  and   Physiology  of  the 

Vertebrate  Animals,  delivered  at  the  Royal  College  of  Surgeons  of 

England  in  1844  and  1846.    Part  I.    Fishes.     (Homology  of  lacrj'mal 

bone,  pp.  99,  108  (fig.  )  160.) 
1871.     Monograph  of  the  Fossil  Mammalia  of  the  Mesozoic  Formations. 

The  Palapontographical  Society.     Volume  for  1870,  pp.  1-116,  Ph. 

i-iv. 
Pander,  C.  H.     1860.     Ueber  die  Saurodipterinen,  Dendrodonten,  Glyptolepidcn 

und  Cheirolepiden  des  Devonischen  Systems,    pp.  i-ix,   1-90,    Pis.   i- 

XVII.     St.  Peterbusg. 
Parker,  T.  J.     1891.     Observations  on  the  Anatomy  and  Development  of  Apteryx. 

Phil.  Traas.  Roy.  Soc.  Lond.,  (B)  CLXXXII,   pp.   25-134,   Pis.   i- 

XIX.     (Lacrymal  region.) 
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A  Course  of  Instruction  in  Zootomy.  Vertebrata.     8vo.   London. 

[Applies  term  parethmoid  to  lateral  ossification  of  olfactory  capsule.] 

Parker,  W.  K.     1869.    On  the  Structure  and  Development  of  the  Skull  in  the 

Common  Fowl  (GaUus  domesticus).     Phil.   Trans.   Roy.   Soc.   Lond., 

(B)  CLIX,  pp.  755-807,  Pis.  lxxx-lxxxvii. 

1873.  On  the  Structure  and  Development  of  the  Skull  in  the  Salmon 
(Salmo  solar  L.).    Idem,  (B)  CLXIII,  part  1,  pp.  95-146,  Pis.  i-viii. 

1874.  On  the  Structure  and  Development  of  the  Skull  in  the  Pig  {Sus 
scrofa).    Idem,  (B)  CLXIV,  pp.  289-336,  Pis.  xxviii-xxxvii. 

1877.  On  the  Structure  and  Development  of  the  Skull  in  the  Urodelous 
Amphibia.    Part  I.    Idem,    (B)  CLXVII,   part  2,   pp.  529-597,    Pis. 

XXI-XXIX. 

1878.  On  the  Structure  and  Development  of  the  Skull  in  the  Common 
Snake  (Tropidonolus  natrix).  Idem,  (B)  CLXIX,  part  2,  pp.  385- 
417,  Pis.  xxvii-xxxiii. 

1882.  On  the  Structure  and  Development  of  the  Skull  in  Sturgeons  (Ad- 
penser  rtdhenus  and  A.  sturio).  Idem,  (B)  CLXXIII,  part  1,  pp. 
139-185,  Pis.  xii-xviii. 

1883.  On  the  Structure  and  Development  of  the  Skull  in  the  Chameleons. 
Trans.  Zool.  Soc.  London,  XI,  part  3,  pp.  77-105,  Pis.  xv-xix. 
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Addendum 

Watson  (1913)  on  the  Naso-lacrymal  Duct  in  Nythosaums  and 

Diademodon. 

In  his  second  paper  on  the  skull  of  Diademodon  Watson  (1913,  p. 
224)  describes  the  naso-lacrymal  duct  of  Nythosaurus  and  of  Diademodon 
in  the  following  important  passage,  which  I  unfortunately  overlooked 
until  quite  recently: 

Another  feature  extremely  clearly  shown  by  these  two  iron-stone  casts  is  the 
course  of  the  naso-lachrymal  duct.  This  opens  into  the  orbit  by  two  foramina  in  the 
lachrymal  bone,  leading  into  canals,  which  soon  unite  and  then  travel  forward  still 
in  the  lachrymal  bone  until  they  open  into  the  nasal  cavity  on  the  inner  side  of  the 
maxilla.  These  relations  are  so  very  similar  to  those  existing  in  Perameles  between 
the  duct  and  the  lachrymal  bone  as  to  leave  no  doubt  that  the  bone  in  Cynodonts  is 
homologous  with  that  of  the  mammal.  It  is,  however,  the  lower  of  the  two  bones 
usually  called  lachrymal  and  prefrontal,  and  as  the  Cynodonts  are  certainly  more 
nearly  allied  to  the  mammals  than  the  lizards,  it  leaves  no  doubt  that  Gaupp  was  not 
justified  in  homologizing  the  reptilian  prefrontal  with  the  mammalian  lachrymal. 
Meek,  from  the  conditions  in  the  Crocodile,  has  already  controverted  this  view,  Gaupp 
having  no  doubt  been  misled  by  the  great  reduction  of  the  true  lachrymal  in  the  types 
studied  by  him. 

Notwithstanding  this  decisive  evidence  in  favor  of  the  long  estab- 
lished identification  of  the  reptilian  lacrymal  as  homologous  with  that  of 
mammals,  von  Huene,  Wiman  and  Abel  continue  to  follow  Gaupp's 
erroneous  identification  of  the  reptilian  prefrontal  with  the  mammalian 
lacrj-mal. 
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INTRODUCTION 

In  certain  extinct  Ekjuida?  (PI.  XVIII)  there  are  two  fossae  on  the 
side  of , the  bony  face  in  front  of  the  orbit.  The  upper  one  of  these  is 
partly  on  the  laerj^mal  bone  and  has  therefore  been  called  the  ** lacry- 
mal fossa''  by  Gidley  (1906)  and  Osbom  (1918).  The  lower  one,  when 
present,  is  located  partly  on  the  anterior  part  of  the  malar  and  is  there- 
fore termed  by  Gidley  and  Osbom  the  **  malar  fossa.''  Each  of  these 
fo88«  differs  widely  in  the  genera  and  species  of  fossil  Equidae,  and 
have  therefore  been  used  by  systematists  as  generic  and  specific 
characters. 

Concerning  the  function  of  the  upper,  or  "lacrymal,"  fossa,  the 
older  interpretation  was  that  of  Gaudry  (1862),  Lydekker  (1884,  pp. 
13,  14)  and  others,  who  thought  that  it  served  to  hold  a  *' larmier"  or 
facial  gland,  similar  to  that  of  ruminant  artiodactyls.  Another  explana- 
tion was  that  of  Prof.  Studer  (1911,  p.  109),  who  held  that  the  "pre- 
orbital groove"  of  certain  extinct  hippoids  was  essentially  similar  to 
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that  of  mammals  having  a  proboscis,  and  that  the  groove  served  to 
lodge  the  levator  muscles  of  a  proboscis,  with  which  he  supposed  Ono- 
hippidium  and  Hipparion  proboscideum  to  have  been  provided.  A 
third  explanation  was  tentatively  considered  by  Professor  Osborn,  who 
in  conversation  with  me  suggested  that  the  preorbital  groove  might  have 
lodged  a  backward  extension  of  the  nasal  diverticulum,  a  structure  which 
is  vestigial  or  reduced  in  modern  Equidae.  Professor  Osborn  also  in- 
vited me  to  investigate  the  subject  and  generously  placed  at  my  disposal 
the  great  collection  of  recent  and  fossil  horses  in  this  Museum.  A  fourth 
explanation,  advanced  by  Dr.  W.  D.  Matthew,  was  that  the  develop- 
ment of  the  preorbital  foss®  was  correlated  with  the  upraising  of  stiffen- 
ing ridges  and  eminences  above  and  below  the  fossse  and  with  the  hol- 
lowing out  of  the  parts  not  so  strengthened. 

The  main  conclusions  at  which  I  have  arrived  may  be  briefly  sum- 
marized as  follows: 

(1)  The  upper,  or  **lacrymal,*^  fossa  probably  did  not  lodge  a 
"larmier'*  or  facial  gland,  nor  did  it  serve  for  the  muscles  of  the  snout; 
nor  did  Onohippidium  and  Hipparion  proboscideum  have  a  proboscis  or 
anything  Uke  it.  On  the  contrary,  the  fossa  in  question  probably  did 
lodge  a  greatly  enlarged  nasal  diverticulum  as  suggested  by  Professor 
Osborn. 

(2)  The  lower  or  ** malar*'  fossa,  when  present,  lodged  the  proximal 
end  of  the  **maxillo-labialis  superior,''  or  levator  labii  superioris,  muscle. 

(3)  The  existence  of  these  and  of  similarly  placed  fossse  in  other 
ungulates  is  also  partly  conditioned  by  the  further  subsidence  of  certain 
depressed  areas  lying  between  areas  or  tracts  that  have  been  upraised  or 
strengthened  to  resist  stresses  and  partly  by  the  lack  of  support  beneath 
the  subsided  areas,  due  to  the  presence  of  great  underlying  sinuses  in 
the  maxilla,  malar,  and  lacrymal  bones. 

Mr.  S.  H.  Chubb  and  Mr.  Erwin  S.  Christman  have  taken  great 
interest  in  the  present  investigation  and  have  assisted  greatly  by  their 
critical  comments  and  observations.  The  illustrations  are  by  Mr.  Christ- 
man. 

THE  PREORBITAL  FOSSM  OF  RHYNCHOCYOX  AND  THE  SUID^E 
Early  in  the  course  of  the  present  investigation  I  thought  that  the 
preorbital  fossa  of  Rhynchocyon  (Fig.  2)  and  the  Suidfie  (e.  g.,  Potamo- 
charuSy  Fig.  3)  was  more  or  less  analogous  with  that  of  such  extinct  Equi- 
dffi  as  Merychippus  (PI.  XVIII)  and  that  a  study  of  its  function  in  the 
first  two  might  give  a  clue  to  its  fimction  in  the  latter.  In  Rhynchoqfon 
and  the  Suidce  (Fig.  5)  the  fossa  in  question  lodges  the  muscles  of  the 
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Figxi.  1-4.     Preorbital  foeue  of  various  mammals. 

1 .  Macropua.  Skull  of  a  very  old  kangaroo,  with  a  deep  fossa  in  front  of  the  infraorbital  canal. 

This  fossa  lodges  a  part  of  the  buccinator  muscle  which  also  extends  up  on  the  side  of  the 
face  beneath  the  superficial  muscles.     (Von  Boas  and  PauUi.  1908,  PI.  xiu.) 

2.  Rhynehocyon.     The  preorbial  fossa  lodges  the  muscles  of  the  long  snout. 

3.  PvtamocMtrtu.    The  preorbital  fossa,  for  the  muscles  of  the  snout,  is  sharply  defined  above 

and  leads  directly  forward  toward  the  protruding  snout. 

4.  DicotyUt.    The  preorbital  fossa  and  snout  muscles  are  much  shorter  anteroposteriorly  than 

in  PotamochaeruB. 
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snout  (the  **maxillo-labialis  superior"  and  ''maxillo-labialis  inferior'') 
and  the  inference  was  that  the  preorbital  fossae  of  Equidae  probably 
also  lodged  homologous  muscles.  I  afterward  found  that  Professor 
Studer  (1911,  pp.  199,  200),  arguing  from  similar  grounds,  had  reached 
a  similar  conclusion  with  regard  to  the  preorbital  fossae  of  Hipparion 
proboscideum  and  Onohippidium.  Nevertheless,  I  was  later  compelled 
to  reject  this  conclusion  for  the  following  reasons. 

First,  it  can  be  shown  conclusively  that  the  fossae  in  question  in  the 
Equidae  arose  within  the  family  and  are  not  truly  homologous  with  those 
of  Artiodactyla,  that  there  were  no  such  fossae  in  the  primitive  placental 
mammals  of  the  Paleocene  and  Eocene,  and  that  the  Artiodactyla  and 
Perissodactyla  were  not  derived  from  a  common  stem  family  but  are 
widely  distinct  orders.  Hence,  it  is  not  permissible  to  assume  that  non- 
,  homologous  fossae  in  these  two  widely  separated  groups  arising  in  diflfer- 
ent  ways  were  yet  filled  by  homologous  structures. 

Secondly,  the  preorbital  fossae  in  Suidae  (Figs.  3,  4),  as  well  a«  in 
Rhynchonjon  (Fig.  2),  are  associated  with  a  tapering  bony  muzzle  and  a 
cylindrical  protruding  snout.  Such  characters  certainly  may  not  be 
assigned  to  Pliohippus  hdlianm  (PI.  XVIII)  which,  although  it  had  deep 
preorbital  fossae,  is  very  close  to  a  modem  horse  in  the  bony  supports  of 
the  muzzle. 

Thirdly,  the  preorbital  fossae  in  Suidae  lead  forward  toward  the 
snout,  whereas  in  the  Equidae  (PI.  XVIII),  when  well  developed,  they 
are  pro<luced  forward  and  downward  toward  the  diastema  between 
the  canine  and  the  first  premolar. 

Finally,  as  will  be  shown  below,  the  conclusion  that  the  preorbital 
fossae  of  extinct  Equidae  functioned,  as  in  Suidae,  solely  to  lodge  the 
muscles  of  the  snout  is  at  variance  with  the  far  more  direct  evidence 
afforded  by  the  soft  anatomy  of  existing  Equidae.  And  it  is  shown  by 
experience  that  in  all  attempts  to  reconstruct  missing  parts  either  of  a 
given  extinct  animal  or  in  a  phylogenetic  scheme,  the  more  direct  evi- 
dence afforded  by  apparently  homologous  parts  or  conditions  in  closely 
related  types  outweighs  in  value  the  more  indirect  evidence  derived  from 
widely  removed  types  and  possibly  convergent  conditions. 

Hence,  I  do  not  regard  it  as  safe  to  pass  from  the  known  function 
of  the  preorbital  fossae  of  Suidae  to  the  unknown  function  of  possibly 
non-homologous  fossae  in  the  Equidae,  although  other  and  more  reliable 
evidence  has  convinced  me  that  the  preorbital  fossae  of  Suidae  are  func- 
tionally analogous  in  part  only  with  the  lower  preorbital,  or** malar," 
fossae  of  certain  Equidae.    In  the  Suidae  the  preorbital  fossae  lodged  both 
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the  maxillo-labialis  superior  and  the  maxillo-labialis  inferior,  while  in 
the  Equidae  the  latter  muscle  was  entirely  below  the  fossa  and  was 
attached  to  the  anterior  end  of  the  masseteric  ridjjje  (Fijcs.  9,  19.  and  PL 
XVIIl). 

THE  IX)WER  OR  "MALAR"  FO&SiE  OF  THE  EQl'ID.^^. 

In  recent  horses  (Figs.  9  to  12  and  PI.  XVIII,  Equus)  there  is,  on 
the  side  of  the  face  in  front  of  the  orbit,  a  muscle  called  the  maxillo- 
labiaUs  superior  by  von  Boas  and  Paulli  and  the  levator  labii  superioris 
by  other  authors.  This  runs  from  the  side  of  the  maxilla  immediately 
above  the  masseter  ridge  obUquely  forward  and  upward  into  a  long, 
thin  tendon  which,  passing  the  anterior  tip  of  the  nasal  l>ones  and 
joining  its  fellow  of  the  opposite  side,  is  prolonged  forward  in  the 
midline  above  the  nostrils  and  downward  to  the  upper  lip.  About  the 
middle  of  its  course,  and  well  behind  the  notch  l:)etween  the  nasals  and 
premaxillffi,  the  muscle  in  question  passes  immediately  above  the  in- 
fraorbital canal  (PI.  XVIII,  Equmcaballus).  A  line  drawn  just  below 
the  tip  of  the  nasals,  through  the  upper  border  of  the  infraorbital  canal 
and  continued  back  to  the  lacrj^mal  above  the  masseter  ridge,  will 
always  give  the  general  course  of  this  muscle  in  recent  Equidae. 

In  many  skulls  of  horses,  zebras,  and  asses  preserved  in  the  large 
collection  made  by  Mr.  Chubb  for  this  Museum,  there  is  a  slight  depres- 
sion, or  fossa,  at  the  site  of  the  origin  of  the  maxillo-labialis  superior 
(Fig.  12  and  PI.  XVIII,  Equus).  In  many  fossil  Equidae  there  is  a 
more  or  less  well-defined  fossa  at  this  point.  Sometimes,  as  in  Proto- 
hipptis  niobrarensis,  the  lower,  or  ** malar"  fossa  is  but  slightly  indi- 
cated; in  other  specimens  it  is  very  deep  (Pliohippus  lullianus) ;  smd  in 
still  others  it  is  barely  visible  {Kalobatippus).  I  conclude  that,  although 
this  lower  fossa  is  more  or  less  variable,  it  always  marks  the  site  of 
origin  of  the  maxillo-labialis  superior,  which,  as  shown  by  the  whole  con- 
figuration of  the  fore  part  of  the  skull,  nmst  have  been  located  sub- 
stantially as  in  modem  Equidae.     (See  Plate  XMII.) 

Considerable  difficulty  was  caused  for  a  long  time  l)y  the  fact  that 
in  extinct  Equidae  this  lower  fossa  is  often  confluent  with  the  upper  or 
lacrymal  foesa  (PI.  XVIII,  Pliohippus  lullianu^y  MerychippuSy  Para- 
hippus)  and  that  the  two  together  sometimes  bear  some  resemblance 
to  the  preorbital  fossa  of  the  Suidae  and  of  other  mammals  having 
strongly  developed  muscles  of  the  snout. 

A  second  difficulty  arose  from  the  fact  that  some  extinct  Equidae 
(HypohippuSy   Miohippvs)   have   but   a   single   preorbital   fossa,   and 
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at  first  it  was  veiy  difficult  to  determine  whether  this  was  the  homolojjiie 
of  the  upper  fossa  only  or  of  both  fossae  together.  Comparison  of  these 
cases  with  that  shown  in  Archceohippus  xtUimus  indicates  that  in 
them  it  is  only  the  upper,  or  '^lacrymal/'  fossa  which  is  present  and  that 
the  lower  fossa  has  not  yet  been  formed,  as  in  Miohippus  and 
Hypohippus.     (See  Plate  XVIII.) 

When  examined  in  detail,  the  preorbital  fossae  of  Equidae  differ  in 
many  particulars  from  those  of  mammals  of  other  orders,  and,  as  stMed 
above,  it  finally  seemed  an  unwarranted  begging  of  the  question  to 
assume  that  they  were  occupied  by  homologous  structures  in  widely 
different  orders.  It  was  finally  realized  that  the  safest  criteria  for  the 
interpretation  of  fossil  Equidae  were  afforded  by  recent  Equidae  and  to 
some  extent  by  members  of  other  families  of  the  same  order.  Comparison 
with  recent  Equidae  leaves  practically  no  doubt  that  the  function  of  the 
lower  fossa  was  the  lodgement  of  the  maxillo-labialis  superior;  but,  as 
this  fossa  is  very  variable  among  recent  Equidae  in  its  occurrence  and 
degree,  while  the  muscle  is  constant  both  in  occurrence  and  position, 
we  may  be  sure  that  in  extinct  Equidae  the  absence  of  the  fossa  does  not 
imply  the  absence  of  the  muscle  at  that  point,  especially  since  the  form 
of  the  nasals  and  premaxillae  were  extremely  hoi*se-like  in  all  these  Equi- 
dae. 

THE  UPPER  OR  "LACRYMAL"  FOSSA  OF  THE  EQUIDAE 
The  **Lacrymal''  Fossa  not  a  ^^  Larmier'' 
Lydekker,  in  his  description  of  Hippotkerium  antilopinum  (1884, 
pp.  13,  14),  describes  two  preorbital  fossae;  the  first,  designated  by 
Lydekker  as  **B,"  is  homologous  with  the  so-called  ^^lacrymal"  fossa  of 
Osborn  and  the  second  (Lydekker's  "A")  is  homologous  with  the 
** buccinator^'  fossa  (Fig.  12)  of  the  present  paper. 

After  noting  that  Gaudry  (1862,  p.  221)  had  called  the  fossa  **B" 
a  '* larmier"  Lydekker  says: 

The  smooth  form  of  thej?e  cavities  in  the  Perim  skull  (//.  antilopinum)  leaves 
little  or  no  doubt  that  they  once  contained  a  sebaceous  gland,  like  the  'larmier'  of  the 
deer  and  antelopes.  In  a7I  deer  and  in  most  antelopes  the  larmier  is  single,  and  placed 
almost  entirely  in  the  lachrymal ;  having  of  course  no  connection  with  the  infra-orbital 
foramen.  In  some  antelopes,  however  (e.  g.,  Cephalopus  maxwelli  [sic],  and  C. 
pygnueay  a  similar  cavity  is  present  in  the  maxilla,  which  sometimes  coexists  with  the 
lachrymal  cavity,  and  sometimes  replaces  it.  '*In  the  African  waterhogs  (Potn- 
mochaorus)  a  naso-maxillary  pit  opens  between  the  eye  and  the  snout,  rather  nearer 
the  eye."2    In  Oreodon^  there  Ls  a  single  cavity  which  is  confined  to  the  lachrymal. 


>8ee  Owen,  Anatomy  of  Vertebrates,  III,  p.  633. 

^Owen,  op.  cit.,p.  634. 

Kjaudry.  LeH  Enchainenients — Mam.  Tert.,  p.  81,  fig.  90. 
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These  observations  indicate  pretty  clearly  that  the  maxillary  cavities  of  Hippo- 
iherium  are  homologous  with  those  of  the  Artiodactyla;  and  are  very  noteworthy  as 
being  one  of  the  ver>'  few  evidences  among  the  later  forms  of  an  original  connection 
between  the  artiodactyle  and  perissodactyle  modifications  of  the  Ungulata. 

Notwithstanding  these  conclusions  by  Lydekker,  I  am  led  to  beUeve 
that  the  **lacrymal*'  fossa  of  extinct  Equidae  did  not  lodge  a  sebaceous 
gland  like  the  *  *  larmier ' '  of  the  deer  and  antelopes.  The  fossa  in  question 
is  extremely  different  in  form  from  that  which  contains  the  ''larmier*'  in 
ruminants  and  oreodonts,  as  shown  in  figures  in  my  recent  paper  on  the 
lacrymal  region  of  mammals.  The  true  *' larmier"  fossa  is  more  or  less 
circular  in  form  and  is  bounded  by  a  well-defined  rim.  The  ''lacrymal" 
fossa  of  extinct  Equidae,  on  the  other  hand,  is  totally  different  in  appear- 
ance and  is  often  continued  forward  and  downward  (PI.  XVIII)  toward 
the  buccinator  fossa. 

The  "Lacrymal"  Fossa  not  for  the  Maxillo-l.\bialis  Superior 

Muscle 
The  first  reason  for  beUeving  that  the  "lacrymal"  fossa  is  not  for 
the  maxillo-labiaUs  superior  muscle  is  that  this  muscle  has  been  pretty 
certainly  allocated  to  the  lower  one  of  the  two  preorbital  fossae;  secondly, 
the  "lacrymal"  fossa  is  produced  forward  and  downward  toward  the 
buccinator  fossa,  while  the  maxillo-labialis  superior  muscle  itself  runs 
obliquely  forward  and  upward,  so  that  it  crosses  the  anterior  prolonga- 
tion of  the  lacrjmal  fossa.  This  is  well  indicated  in  the  type  of  Archce- 
ohijypus  vliimusi  (PI.  XVIII). 

The   "Lacrymal"   Fossa   not   for  the   Naso-labialis    (Levator 
Labii  Superioris  Al^que  Nasi)  Muscle 

At  one  time  I  tried  the  hypothesis  that  the  preorbital  groove,  or 
lacrymal  fossa,  of  fossil  Equidae  might  have  served  as  the  place  of  origin 
of  the  "levator  naso-labialis"  muscle.  This  hypothesis  is  rendered  im- 
probable, however,  by  the  following  considerations:  in  all  mammals 
figured  by  von  Boas  and  Paulli  and  others  the  naso-labialis  muscle  is 
superficial  in  position  and  never  rises  from  a  deep  fossa.  Arising  from 
the  surface  above  and  in  front  of  the  eye  (Figs.  6,  8,  10),  it  passes  over 
the  maxillo-labialis  superior  muscle  and  runs  obUquely  forward  and  down- 
ward to  be  inserted  in  the  back  part  of  the  lips.  As  the  lower,  or  ^^malar," 
fossa  was  pretty  surely  occupied  by  the  maxillo-labialis  superior,  we  found 
it  impossible  to  put  the  naso-labialis  anywhere  along  the  whole  extent  of 
the  upper,  or  "lacrymal,"  fossa  and  bring  it  over  the  maxillo-labiaUs 
superior.     It  seems,  on  the  contrary,  highly  probable  that  in  fossil 
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Figs.  5-10.     Facial  muscles  of  ungulates. 

5.  Su9  scrofa.     Adapted  from  von  Hoas  and  Paulli. 

6.  Tapirus  terrestris.     Adapted  from  von  Boas  and  Paulli. 

7.  Tapirua  terrestris.     Deep  mu£clee.     Adapted  from  von  Boas  and  Paulli. 

8.  Rhinoceros  sumatrensis.     Adapted  from  Beddard  and  Treves. 

?,  mx.  lab.  aup.   * 

9.  Equus  cahaUus.     Adapted  from  von  Boas  and  Paulli. 
10.     Equua  caballue.     Adapted  from  Ellenberger  and  Baum. 

Showing  the  naxal  cUvcrticulum  and  the  muscles  of  the  nnout. 
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Equidse  (PI.  XVIII)  the  naso-labialis  arose  in  precisely  the  same  place 
as  in  recent  Equidse,  i.  e. ,  on  the  very  surface  of  the  bone  immediately  above 
and  in  front  of  the  eye  and  inmiediately  in  front  of  the  preorbicularis 
dorsalis  muscles.  Even  in  the  elephant  and  in  the  tapir,  which  have  a 
fully  developed  proboscis,  the  naso-labialis  does  not  run  from  a  deep 
fossa  but  from  the  siuface  of  the  bone  (von  Boas  and  Paulli,  plates).  In 
Hypohipptts  osborni  (PI.  XVIII),  for  example,  it  is  plainly  impossible  to 
put  the  naso-labialis  in  the  very  deep  preorbital  groove  and  have  it  at 
the  same  time  pass  above  the  maxillo-labialis  superior,  which  runs  from 
the  maxillary  bone,  behind  the  infraorbital  canal,  obUquely  forward  and 
upward  to  the  tip  of  the  nasals. 

The  "Lacrymal"  Fossa  not  for  a  Dorsal  Extension  of  the  Bug- 

cinator  muscl.e 

Von  Boas  and  Paulli,  in  their  beautiful  figures  of  the  variations  of  the 
buccinator  muscles  in  many  mammals,  show  that  among  the  ungulates 
there  is  a  transverse  part  of  the  buccinator  which  wraps  around  a  longi- 
tudinal bundle  that  extends  backward  along  the  side  of  the  cheek  teeth. 
As  may  be  seen  by  comparison  with  the  skeletal  parts,  this  transverse 
portion  of  the  buccinator  comes  opposite  the  diastemata  in  the  upper 
and  lower  jaws.  In  the  lower  jaw  the  longitudinal  ridge  of  the  mandible 
in  the  region  of  the  diastema  Ues  between  the  tongue  on  one  side  and  the 
transverse  portion  of  the  buccinator  on  the  other.  Similarly,  in  the 
upper  jaw  the  ridge  or  crest  along  the  diastema  separates  the  tongue  on 
the  one  side  from  a  fossa  for  the  transverse  part  of  the  buccinator  on  the 
other. 

Since  the  lacrymal  fossa  in  many  fossil  Equidse  is  continued  down- 
ward and  forward  toward  the  buccinator  fossa,  I  at  one  time  thought 
that  the  former  might  serve  for  some  strange  backward  and  upward 
development  of  the  buccinator,  analogous  in  some  ways  to  the  cheek 
pouches  of  rodents. 

In  the  kangaroo  also,  as  figured  by  von  Boas  and  Paulli,  the  buc- 
cinator extends  well  up  on  the  side  of  the  face  beneath  the  maxillo- 
labiaUs  superior  and  the  naso-labialis  muscles,  and  the  lower  part  is 
received  into  a  deep  fossa  (Fig.  1).  In  Archceohippus  (PL  XVIII)  and 
other  fossil  Equidse,  however,  the  buccinator  fossa  is  clearly  separated  by 
a  ridge  from  the  anterior  (or  subnasal)  extension  of  the  '^lacrymaF' 
fossa. 

Finally,  in  dissecting  a  Gravy's  zebra  (Fig.  11)  from  the  New  York 
Zoological  Park,  we  found  that  the  buccinator  muscle  and  its  fossa 
were  well  defined  above  and  had  nothing  to  do  with  the  anterior  exten- 
sion of  the  lacrymal  fossa. 
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RELATIONS  OF  THE  PREORBITAL  FOSSAE  TO  UNDERLYING  SINUSES. 

TO  THE  DENTAL  ALVEOLI  AND  TO    STRENGTHENING  RIDGES 

AND   EMINENCES 

Cross-sections  of  the  skull  of  recent  Equidae  in  front  of  the  orbits 
made  by  Mr.  S.  H.  Chubb  show  that  the  outer  wall  of  the  face  is  very 
thin  and  that  beneath  it  are  greatly  expanded  sinuses  in  the  lacrymal  and 


for  descenc^/n^  6ra77cA 
*  ofrtasaf  cfiverficalum 


a 


fossa  ^rmx.  iad.  siul>. 

£auu6  q?ei/yi 


^ssa  /or  Supinator 
(bars  fra^syersaj 


"^'HVh, 


^mur-na  /uKcf/^ri 


ve  Tjcstrt^ 


'mm\\-    t\ 


^5^44 


Fi       ■'.     Equu-'i  grepyi.      D'><*<^-toM   »t' :ia-«rti  tliverti' uluiii. 

Fij?.  12.     Equus  nrrxnti.     Skull  of  the  same  individual,  showinR  the  "inahir,"  "sulnasal,"  aod  "bur- 
cinator"  fopsee. 

maxillary  bones.  A  sinking  in  of  the  outer  wall  forms  the  ^' malar"  and 
^^acryinar'  fossae  at  the  expense  of  the  underlying  sinuses  but  does  not 
interfere  in  the  least  with  the  nasal  passage,  which  in  all  Equidae  is  a 
high  and  rather  compressed  chamber.     It  is  very  probable  that  the 
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presence  of  these  fossae  is  partly  conditioned  in  fossil  Equidse  by  the 
thinness  of  the  external  walls  bounding  the  underljdng  sinuses. 

It  is  a  widespread  principle  in  the  construction  of  the  skull  among 
vertebrates  that  bones  often  tend  to  be  strengthened  along  certain  lines 
of  special  stress  and  to  thin  out  between  these  lines.  This  principle  is 
beautifully  illustrated  in  the  formation  of  the  temporal  fenestrae  of 
reptiles.  It  is  also  illustrated  in  the  lacrymal  region  of  CervuluSj^  where 
the  pedicles  of  the  horns  are  strengthened  by  prominent  ridges  on  the 
laeryinal  bone.  In  many  Equidae  the  thin  walls  between  the  naso» 
frontal  ridge  above  and  the  malar-masseter  ridge  below  have,  in  fact, 
coHapsed  beneath  the  maxillo-labialis  superior  muscle  and  the  nasal 
diverticula,  as  described  below. 

The  dorsad  extension  of  the  alveolar  portion  of  the  maxilla  has  also 
perhaps  conditioned  the  collapse  of  the  outer  wall  of  bone  inmiediately 
above  it. 

Finally,  in  the  modern  Equus  the  vertical  deepening  of  the  skull  has 
apparently  had  a  tendency  to  flatten  out  these  fossae  so  that  even  the 
'* malar"  fossa  is  but  feebly  preserved. 

THE  NASAL  DIVERTICULA  OF  UNGULATES  AND  THEIR  RELATIONS 
WITH  THE  LACRYMAL  FOSSA 

Murie  (1872)  has  shown  that  in  the  Indian  tapir  the  deep  fossae 
alongside  of  the  nasal  bones  and  above  and  in  front  of  the  orbits  are  filled 
with  cartilaginous  diverticula  of  the  nose  (Figs.  7,  14,  15,  16),  while  von 
Boas  and  Paulli  (plates)  show  that  the  same  is  true  in  Tapirus  terresfris. 
At  first  I  thought  that  in  the  tapirs  these  deep  fossae  were  for  the  muscles 
that  move  the  trunk,  but  von  Boas  and  Paulli  show  that  these  muscles, 
especially  the  maxillo-labialis  superior,  are  lateral  to  the  deep  fossae  in 
question,  and  located  on  or  in  front  of  the  bony  rim  above  the  orbits 
(Figs.  6,  7).  So,  too,  in  the  elephant  these  powerful  muscles  are  more 
on  the  surface  and  not  located  in  deep  fossae.  In  tapirs  the  fossae  in 
question  show  an  extraordinary  resemblance  to  the  deep  "lacrymaP' 
fossae  in  front  of  Ihe  eye  in  Onohippidium  (Fig.  17)  and  other  extinct 
Equidae. 

In  recent  Equidae  (Figs.  10,  11,  13)  the  true  nasal  passage  is  com- 
plicated by  the  addition  of  lateral  diverticula  (div,  nas,)^  giving  rise  to 
the  so-called  false  nostril,  which  is  a  blind  passage  usually  not  very 
extensive  in  domestic  horses.  Mr.  Chubb  has  found  it  to  be  better  de- 
veloped, however,  in  a  Burchell's  zebra,  and  in  a  domestic  ass  (Fig.  13), 


■See  Fig.  154  of  the  preceding  article. 
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Fig.  13.     Equui  axtnut.     Dissection  of  nasal  diverticulum  in  a  domestic  ass. 

Fig.  14.     TapxTXM  (Rhinorkoerus)  indictu.     Nasal  divertictila  and  snout,  dorsal  view.     After  Murie. 

Fig.  15.     Tapiru9  {Rhinochaerui)  indieu9.     Left  nasal  diverticulum  and  septum  seen  obliquely  from 

the  right.     After  Murie. 
Fig.  16.     Tapirtu  Urrentris.  Oblique  front  view  of  skull  showing  preorbital  fossa  for  nasal  divertic- 

tilum. 
Fig.  17.     Onohippidium  munizi.     Front  view  of  type  skull  showing  deep  preorbital  foeso),  presumably 

for  nasal  diverticula.     Adapted  from  Sefve. 
Fig.  18.     Rhinoceros  aumatrensis.     Cartilages  of  nasal  diverticulum,  partly  cut  away  to  show  interior 

of  sac.     After  Beddard  and  Treves. 


Digitized  by 


Google 


1920] 


Gregory,  Studies  in  Comparative  Myology  and  Osteology 


277 


/fe«  subnas. 


FigB.  19,  Ifta,  20.     Onohippidium  tnuflin.  Fore  part  of  akull  and  senii-diagrammatic  reetoratioiw  c 

facial  muscles. 
19.^    Tjrpe  skull,   adapted   from  Lydekker,  showing  slight  "malar"  fossa,  very  large  and  deep 

"lacrymal"  and  "suonasal"  foesas,  and  a  well-marked  "buccinator"  fossa. 
19a.    Attempted  restoration  of  deep  structures,  showing  supposed  position  of  enlargeci  nasal 

diverticulum  and  surrounding  muscles. 
20.     Attempted  restoration  of  superficial  muscles. 
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and  we  have  lately  had  the  opportunity  of  exploring  this  region  in  a 
Gravy's  zebra,  with  the  results  shown  in  Figs.  11  and  12.  The  nasal 
diverticulum  shows  an  extensive  development  lying  above  and  well 
behind  the  inner  opening  of  the  true  nostrils  and  below  the  tendon  of  the 
maxillo-labialis  superior  muscle.  The  upper  and  back  part  of  the  diverti- 
culum gave  off  a  descending  branch  which  was  lodged  in  a  conspicuous 
depression  on  the  side  of  the  maxilla  in  front  of  the  infraorbital  foramen 
and  above  and  behind  the  buccinator  fossa.  This  fossa  in  recent  Equidae, 
then,  is  evidently  homologous  with  the  anterior  extension  of  the  "lacry- 
mal"  fossa  in  extinct  Equid»  (PI.  XVIII). 


Astra/:>ot/2er/um 


A.  ^. 


Fig.  21.     Astra pothcrium  sp.   Skull,  showing  deep  preorbital  foflsa.     \i. 

At  first  we  sought  to  fill  this  fossa  with  the  muscles  (dilator  nasi, 
etc.)  surroimding  the  nasal  diverticulum,  but  these  muscles,  even  in  the 
tapir  and  elephant,  never  occupy  deep  fossse,  and  in  Hypohipptis  (PI. 
XVIII)  the  fossae  in  question  would  \ye  deep  enough  to  lodge  as  heavy  a 
muscle  as  the  gastrocnemius.  The  presence  of  such  a  large  muscle  for 
dilating  the  nose  would  be  quite  inconsistent  with  the  generally  horse- 
like character  of  the  front  part  of  the  skull  of  the  extinct  Ekjuidae. 

In  Onohippiditim,  also,  the  anterior,  or  *'subnasal,''  extension  of  the 
'Macrymal*'  fossa  (PI.  XVIII)  is  precisely  homologous  with  the  similarly 
placed  fossa  in  the  Gr^vy  zebra,  which  is  known  to  lodge  a  branch  of  the 
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nasal  diverticulum.  Accordingly,  in  our  semi-diagrammatic  restorations 
of  fossil  Equidse  (PI.  XVIII)  we  have  filled  the  lacrymal  fossa  and  its 
anterior,  or  subnasal,  prolongation  with  an  enlarged  nasal  diverticu- 
lum, above  and  around  which  we  have  placed  the  normal  muscles  of 
the  nose  and  lips. 

In  Astrapotherium  (Fig.  21),  which,  from  the  conformation  of  the 
nasals  was  very  probably  supplied  with  a  proboscis,  the  *'lacrymar' 


Fig.  22.     Metamynodon  fianifrons.     Skull,  showing  large  preorbital  fcMMta.      X  H- 

fossa  is  placed  much  as  it  is  in  the  tapirs,  and  the  same  is  true  in  Mela- 
mynodon  (Figs.  22,  23),  so  that  in  these  animals  also  these  fossae  were 
probably  occupied  by  nasal  diverticula.  There  is  plenty  of  room  for  the 
muscles  of  the  trunk  on  the  bony  rim  around  the  orbits  lateral  to  these 
fossse.  In  A  mynodon  (Fig.  24),  which  is  ancestral  to  Metamynodony  the 
same  fossa  is  extended  on  the  side  of  the  maxilla  in  front  of  the  orbit 
and  this  gives  the  key  to  the  function  of  a  similar  fossa  in  many  of  the 
Eocene  titanotheres.^ 

In  the  skulls  of  the  recent  Rhinoceros  indicus  (Fig.  25)  and  Cerato- 
therium  simum  (Fig.  26)  there  are  shallow  fossae  above  the  infraorbital 
canal,  which  may  lodge  part  of  the  nasal  diverticulum  (Fig.  18). 


'Our  attempted  restorations  of  the  anatomy  of  the  face  of 
Professor  Osbom  s  U.  S.  Geol.  Surv.   Monograph  on  the  Titanothe 


these  animals  will  be  published  in 
ere». 
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A7?7y?70c/or2 


AM 


P'ig.  23.     Mttamynodon  planifron>.     Oblique  front  view  of  skull  showinj?  preorbitjil  fo/»a.     (Compare 

Onohippidium,  Tapiru^  )      X  •* 
Fig.  24.     Amynodou  intermedi'iM.     SkuU.  ;»howinK  large  preorbital  fo!**ia.      X  ^4. 
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Ceratot/^er/um  ^{mu?7? 


A./^. 


fihinoceros  //?c//cus 


FSk.  25.     Rhino€0ro9  indieus.     SkulU  showing  shallow  preorbital  fossa.      X  circa      H. 
Fig.  26.     CenUotherium  sitnum.     Skull,  showing  shallow  preorbital  fossa.      X  circa    ^i. 
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In  all  such  cases  it  seems  highly  probable  that  the  fossse  in  question 
were  partly  occupied  by  nasal  diverticula,  although  the  bony  rims  above 
them  may  well  have  been  strengthening  ridges  and  eminences  and  not 
directly  caused  by  the  presence  of  the  diverticula. 

In  PalcBotherium  the  general  conformation  of  the  front  part  of  the 
skull  is  more  or  less  tapiroid  in  character  but  neither  in  this  genus  nor  in 
Paloplotherium  were  the  preorbital  fossae  pronounced 

SUMMARY  AND  CONCLUSIONS 

Although  the  preorbital  fossae  of  Rhynchocyon  and  the  Suidae  are 
filled  by  the  muscles  of  the  snout,  it  is  not  deemed  safe  to  infer  from  this 
alone  that  the  same  was  true  of  the  preorbital  fossae  of  the  Equidae,  for 
reatsons  advanced  on  pages  266,268  above. 

More  direct  evidence,  afforded  by  recent  Equidae,  indicates  that  the 
lower  or  ** malar"  fossa  was  probably  filled  by  the  maxillo-labialis 
superior  muscle. 

With  regard  to  the  upper  or  "lacrymal'*  fossa,  it  probably  did  not 
lodge  a  **  larmier  "  or  facial  gland  for  the  reason  that  it  differs  markedly  in 
appearance  from  the  true  "larmier"  fossae  of  ruminants.  The  fossa  in 
question  probably  did  not  lodge  the  maxillo-labialis  superior  muscle 
chiefly  for  the  reason  that  that  muscle  has  been  pretty  surely  allocated 
to  the  lower  fossa.  It  did  not  lodge  the  **naso-labialis"  for  the  reason 
that  that  muscle  in  recent  mammals  is  essentially  superficial  in  position 
and  could  not  be  beneath,  or  deep  to,  the  maxillo-labialis  superior,  which 
runs  from  the  *^ malar"  fossa  forward,  above  the  infraorbital  canal,  and 
upward  toward  the  tip  of  the  nasal  bone.  The  "lacrymal"  fossa  prob- 
ably did  not  serve  for  the  lodgement  of  a  dorsal  extension  of  the  buc- 
cinator, not  only  because  there  is  no  direct  evidence  in  favor  of  such  an 
hypothesis,  but  chiefly  because  in  many  Equidae  the  buccinator  fossa  is 
sharply  delimited  from  the  anterior  prolongation  of  the  "lacrymal" 
fossa  and  especially  because  there  is  more  direct  evidence  for  the  conclu- 
sion stated  below.  Finally,  the  "lacrymal"  fossa  probably  did  lodge  h 
greatly  expanded  nasal  diverticulum,  because  the  renmants  of  this 
structure  are  actually  found  at  the  anterior  or  subnaisal  extension  of  the 
**lacrymal"  fossa  in  existing  Equidae  and  because  the  posterior  extension 
of  the  "lacrymal"  fossa  is  often  extremely  similar,  except  in  size,  to  its 
anterior  extension  (cf.  Onohippidiuniy  PI.  XVIII). 

The  existence  of  both  the  "lacrymal"  and  ''malar"  fossae  is  prob- 
ably conditioned  by  the  thinness  of  the  outer  tabula  of  the  malar  and 
maxillary  and  by  the  subsidence  of  these  areas  into  the  underljdng  sinus, 
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which  subsidence  is  further  emphasized  by  the  upraising  of  strengthening 
ridges  and  eminences  around  the  depressed  areas. 

In  other  extinct  ungulates  the  preqfbital  fossae,  when  present,  were 
probably  occupied  by  nasal  diverticula,  as  they  are  in  existing  tapirs. 
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Skulls  of  various  recent  and  extinct  Equidse,  with  semi-diagrammatic  reconstnir- 
tions,  showing,  in  the  extinct  forms,  the  supposed  backward  extension  of  the  na^al 
diverticulum  into  the  "lacrymal"  fossa  and  the  positions  of  the  maxillo-labialis 
superior  and  other  muscles. 

Onohippidium  muhizi.  Type  skull,  adapted  from  Lydekker,  showing  deep 
"lacrymal,"  *'subnasar'  and  shallow  "malar"  fossae. 

EquuH  cahallus.    Skull,  showing  faint  remnants  of  both  preorbital  fossee. 

Equtis  caballus.  Semi-diagrammatic  representation  of  the  facial  muscles  and  nasal 
diverticulum.    Based  on  Ellenberger  and  Baum's  figures  and  our  own  dissections. 

Pliohippus  fossulalus.  Type  skull,  showing  pronounced  "lacrymal"  and  small 
but  deep  "malar"  fossse.    After  Osbom. 

Pliohippus  luUianus.  Type  skull,  showing  deep  "lacrymal"  and  "malar"  fossse, 
partly  confluent.    From  Osboni,  somewhat  modified. 

Pliohippus  hdlianus.  Restoration.  The  deep  "lacr>'mal"  fossa  is  covered  by 
the  enlarged  nasal  diverticulum. 

Protohippm  niobrarensis.  Fore  part  of  skull  showing  deep  "lacrymal"  and  very 
shallow  " malar"  fossa.    The  buccinator  fossa  is  deep  and  well  defined. 

Merychippus  sejtindus.  with  restoration  of  muscles,  etc.  The  "lacrymal"  is  con- 
fluent with  the  "malar"  fossa. 

Hypohippus  osborni.  Modified  from  Osborn .  The  * '  lacrymal ' '  fossa  is  extremely 
deep  and  leads  forward  and  downward  into  the  subnasal  fossa.  There  is  no  '  *malar" 
foBsa. 

Parahippus  nebrascensis  pnmus.  Modified  from  Osborn.  The  shallow  "lacrymal" 
Is  confluent  below  with  the  "  malar  "  fossa.    The  subnasal  fossa  is  comparatively  deep. 

Parahippus  nebrascensis  primus.     Diagrammatic  reconstruction. 

KcUobatippwi  prassians.  Modified  from  Osborn.  Verj-  shallow  "malar,"  tending 
to  be  confluent  with  the  "lacrymal "  fossa.    Subnasal  fos.sa  large  but  shallow. 

ArchcBohippus  ultimus.  Incomplete  type  skull,  after  Osbom,  showing  large 
"malar,"  "lacrymal"  and  "subnasal"  fossae. 

Miohippwi  meteulophus.  Skull,  modified  from  Osbom,  showing  deep  "lacrymal " 
and  no  "malar"  fossa  (Compare  Hypohippus). 

Miohippiis  meteulophus.    Diagrammatic  reconstmction. 
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Article  IV.—HYNNIS  AND  ALECTIS  IN  THE  AMERICAN 

MUSEUM  OF  NATURAL  HISTORY 

By  John  Treadwell  Nichols 

Plate  XIX 

In  November   1913   the  Museum  received  a  mounted  Silverfish 

(Hynnis  cuberms),   thirty-one  inches  long  not  counting  the  caudal  fin, 

which  had  been  captured  in  February  of  the  same  year  at  Palm  Beach, 

Florida  by  Mr.  John  D.  Crimmins.    This  we  believe  to  be  the  first  record 

of  this  rare  and  interesting  fish,  described  from  Cuba  in  1860,  from  the 

shores  of  the  United  States.    The  exact  relation  of  //.  cuherusns  to  its 

nearest  allies  is  an  interesting,  as  yet  unsettled,  problem.    It  will  be  worth 

while  to  review  our  material  bearing  on  it*s  solution. 

Historical 

In  1833  Cuvier  and  Valenciennes*  recognized  four  genera  of  Silver 
and  Threadfishes  as  follows:  Scyris  (indicaj  alexandrina);  Bkphariti 
(indicus,  siUor,  major);  Gallichthys  {majors  chevola^  wgyptiacuns) ;  and 
Hynnis  (goreensis) ;  nine  species  in  all. 

In  1880  Liitken,^  with  laudable  courage  and,  as  it  has  turned  out,  a 
scholarly  grasp  of  the  fishes*  relationships,  reduced  all  these  and  other 
described  specic^s  to  thrc»i»  or  four  which  he  placed  in  the  single  genus 
GaUichthySy  the  basis  for  this  reduction  being  that  Threadfishes  (J5fe- 
pharis  and  Gallichthya  forms)  with  growth  approached  the  Hynnis 
through  the  Scyris  form.  His  four  species  were  Gallichthys  gaUus  and 
ciliaris  (East  Indian),  Gallichthys  cegyptiacus  (Mediterranean  and  West 
African),  and  Gallichthys  crinitus  (Mitchill,  1826,  Shoreham,  N.  Y.), 
the  Atlantic  American  species  close  to  and  doubtfully  distinct  from  ciliaris. 
Hynnis  cubensis  he  considered  the  full-grown  form  of  crimius. 

In  1896  Jordan  and  Evermann^  followed  Liitken's  conclusions  except 
for  the  genus  Hynnis  which  they  considered  distinct  and  of  which  they 
mentioned  four  species:  Hynnis  cubensis;  Hynnis  hapkinsi  (published 
here  for  the  first  time  with  Jordan  and  Starks  as  authors)  known  from  a 
single  specimen  from  the  west  coast  of  Mexico;  Hynnis  goreemis;  and 
Hynnis  alexandrinus^ "  the  Egyptian  species,**  with  which  they  presumably 
intended  to  synonymize  Scyris  alexandrina  Cuvier  and  Valenciennes. 
For  the  rest,  they  replaced  Cuvier  and  Valenciennes'  generic  name, 


•Cuvier  and  Valencicnnea.  1833,  Hist.  Nat.  de«  Poisaons.  pp.  145-177,  195-198. 

'LQtken.  Chr.,  1880,  Spolia  Atlantica,  pp.  538-542,  604-605. 

'Jordan  and  Evermann,  1896,  Fishes  of  North  and  Middle  America,  I,  pp  931-938. 
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GallichihySy  with  Rafinesque^s  earlier  one,  Alectis,  and  synonymized 
criniius  with  dliaris,  with  which,  doubtless  rightly,  they  considered  it 
identical.  They  also  caUed  attention  to  the  inavailability  of  gallus, 
first  used  for  Selene  vomer y  for  the  form  so  designated  by  Ltitken. 

In  1905  these  same  authors^  synonymized  the  East  Indian  fish 
(**gaHu5,"  or  more  properly,  indicm^)  with  dliaris.  We  find,  then,  five 
species  current:  Alecius  ciliariSj  Hynnis  goreensiSy  cubensisy  hopkinsi, 
and  alexandrinus. 

Museum  Material 
Alectis  ciliariB  (Bloch) 
From  more  plentiful  material  referable  to  this  species,  measurements 
of  specimens  of  different  sizes  have  been  tabulated  to  show  the  changes 
with  age.  No  differences  between  specimens  from  Japan  (ciliaris)  and 
the  Atlantic  coast  of  the  U.  S.  (crinitus)  can  be  found.  All  (our  largest  is 
7  inches)  show  at  least  indications  of  characteristic  dark  cross-bands. 

Alectis  indicus  (RlippeU) 

The  Museum  coUections  contain  a  specimen  of  this  species  collected 
at  Batavia,  Java,  by  Owen  Bryant,  April  2,  1909.  This  is  8  inches  long 
to  base  of  caudal  and,  therefore,  fairly  comparable  with  the  largest 
ciliaris.  In  view  of  its  unlikeness  to  that  fish  it  seems  remarkable  that 
the  two  should  have  been  confused.  The  smaller  eye  and  deeper  pre- 
orbital  give  it  a  quit«  different  appearance  and  the  greater  number  of 
gill-rakers  should  form  an  easy  criterion  for  younger  individuals  if  they 
resemble  one  another  as  they  are  said  to  do.  Liitken's  differentiation  of 
the  two  species'  is  perfectly  tenable;  there  is  not  the  least  doubt  that  he 
was  right  in  separating  them  and  that  more  recent  authors  who  have  con- 
fused the  two  are  in  error.  Furthermore,  Bloch,  1788  *(as  gcUlm  =  indicus 
and  ciliaris)  y  and  Riippell,^  1828  (as  indica  and  faciatiis^  ciliaris)  ^  both 
figured  the  two  species  in  juxtaposition  so  as  to  bring  out  their  specific 
characters  very  well. 

Our  Batavian  specimen  has  the  following  characters:  length  to  base 
of  caudal  8  inches;  teeth  in  narrow  bands,  smaU,  the  outer  a  little  the 
largest  and  heaviest;  depth  in  length,  1.7;  eye,  4.5  in  head,  2.1  in  snout; 


iJordan  and  Evermann,  1905,  Fishee  of  Hawaiian  Ids.,  Bull.  U.  S.  Fiah  Comm.,  XXIII  (1903), 
part  1,  pp.  200-202. 

*The  earliest  name  available  for  this  fish  appears  to  be  indicttg,  Scyria  indica  Rttppell  (1828,  At!., 
Fishes,  Fische  des  rothen  Meeres,  p.  128,  PI.  xxxiii,  fig.  1.    Djetta)  being  referable  to  it. 

•Latken.  Chr..  1880,  Spotlia  Atlantica,  pp.  539-532,  604-605. 

•Bloch,  1788,  Ichth.,  VI,  Pis.  cxci  and  cxcii. 
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pectoral  long  and  falciform,  1.6  in  depth,  .8  in  head,  to  opposite  14th 
dorsal  ray;  ventrals  short,  extending  two-thirds  the  distance  to  the  origin 
of  the  anal.  Several  dorsal  and  one  or  two  anal  rays  elongate  as  fila- 
ments which  reach  to  opposite  the  caudal;  slight  scars  only  indicate  the 
earlier  position  of  dorsal  and  anal  spines.  Dorsal  with  19,  anal  with  16 
soft  rays.  Curve  of  lateral  line  1.5  in  straight  part.  Scutes  poorly  de- 
veloped, 10  on  the  peduncle,  the  central  ones  well  keeled.  Gill-rakers  28. 
Unhanded 

Cuvier  and  Valenciennes^  figure  of  GaUichthys  major^  is  of  a  younger 
specimen  of  indicus,^  with  depth  1.4,  ventrals  still  elongate,  dorsal  spines 
conspicuous,  curve  of  lateral  Une  1.7  in  straight  part,  pectoral  .7  in  head, 
eye  2.0  in  snout.  Stead^  has  recently  figured  as  Caranx  gaUus  from  New 
South  Wales  a  more  mature  specimen  of  indicus  which  has  depth  2.0, 
ventral  short,  1.6  in  head,  curve  of  lateral  line  not  quite  1.4  in  straight 
part,  pectoral  .6  in  head,  but  reaching  only  to  11th  dorsal  ray,  filaments  of 
vertical  fins  reduced.    Eye  2.2  in  snout. 

Hynnis  goreenBis  Cuvier  and  Valenciennes 
The  American  Museum  Congo  Expedition  brought  the  Museum  two 
specimens  of  this  form  from  the  mouth  of  the  Congo.  The  larger  of 
these  is  18  inches  to  base  of  caudal,  the  smaller  14.2  inches.  No  trace 
remains  of  dorsal  or  anal  free  spines  in  either  specimen.  The  teeth  are 
very  small  in  narrow  bands.  The  dorsal  and  anal  origins  are  superim- 
posed; that  is,  the  anal  origin  is  a  little  loss  anterior  than  in  Cuvier 
and  Valenciennes'  figure  but  inoro  anterior  than  in  Hynnis  cuben^'s. 
Black  axillar  spot  and  opercular  blotch  are  more  or  less  evident. 

Characters  of  the  larger  fish  follow:  length  to  base  of  caudal,  18 
inches;  depth,  1.9  in  this  measure;  head,  3.3;  eye,  4.3  in  head;  snout 
2. IK;  pectoral,  .8;  ventral,  2.4.  Dorsal  and  anal  without  filaments, 
their  lobes  1.8  in  head.  Curve  of  lateral  line  1.3  in  straight  part.  Dorsal 
with  21,  anal  with  18  soft  rays.  Scutes  very  small,  9  with  sharp  keels, 
3  before  these  well  developed,  6  before  these  barely  appreciable.  Gill- 
rakers  34. 

Corresponding  characters  of  the  smaller  fish  are:  length,  14.2  inches; 
depth,  1.8;  head,  3.4;  eye,  4.9;  snout,  2.1;  pectoral,  .S%;  ventral,  2.4. 
Dorsal  and  anal  lobes  each  with  an  initial  filament, — to  tip  of  dorsal  fila- 


»Cuvier  and  Valenciennes,  1833,  Hiat.  Nat.  des  Poissons,  IX,  PI.  ccliv. 

*LQtken  made  a  slight  error  in  referring  this  figure  to  crinitue.    BlephorU  major  wuacrinitus,  but 
Gallichthya  major  was  indicus,  at  least  the  figure. 

•Stead,  1908,  Edible  Fishes  of  New  South  Wales,  PI.  lviii. 
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ment  .8.  Curve  of  lateral  line  1.4  in  straight  part.  Dorsal  with  20,  anal 
with  19  soft  rays.  Scutes  very  smaU,  about  18,  of  which  the  3  most 
anterior  are  scarcely  differentiated  and  the  1  or  2  most  posterior  minute. 

Thus  the  smaUer  of  our  two  specimens  has  dorsal  and  anal  filaments, 
an  Aledis  character,  and  in  the  doubtless  deeper,  more  compressed  young 
one  would  expect  to  find  other  such  filaments.  In  fact,  it  is  not  difficult  to 
agree  with  Lutken  that  Valenciennes^  figure  of  GaUichthys  cegyptiacus  in 
the  third  edition  of  Cuvier's  'Regne  AnimaP  is  as  such  a  young  fish  should 
be.  Whether  or  not  it  be  the  same  as  goreendsy  there  can  be  little  doubt 
that  cegyptiacns  is  identical  with  GaUus  cdexandrimis  Geoff roy  on  which 
Scyris  alexandrina  Cuvier  and  Valenciennes  is  based. 

Cams,  1893,*  evidently  accepts  Liitken^s  opinion  that  GaUichthys 
cegyptiacus  Cuvier  and  Valenciennes,  which  he  gives  as  synonym  of 
Caranx  alexandrinus  (Geoffroy),  is  the  young  of  Hynnis  goreensiSy  as  he 
states  that  Caranx  alexandrinus  has  dorsal  spines  only  in  the  young  and  is 
found  on  the  coast  of  West  Africa.  It  should  be  noted  that  his  scute- 
count  is  lower  than  of  our  goreensis,  and  that  Valenciennes'  figure  of 
(BgyptiacuSy  above  referred  to,  shows  no  scutes.  Although  in  related 
species  the  fuU  number  of  scutes  may  be  made  out  in  the  young,  scutes  are 
smaller  in  this  species  and  likely  not  all  appreciable  until  the  fish  has 
reached  a  large  size.  The  probabiUties  are  great  that  alexandrinus  of 
the  Mediterranean  and  gareensis  of  West  Africa  are  really  identical,  and, 
if  not  identical,  are  at  least  very  close,  both  undergoing  considerable  age 
changes. 

Hsrnnis  cubensiB  Poey 
The  mounted  specimen,  previously  referred  to  has  the  following 
characters:  length  to  base  of  caudal,  31  inches;  teeth  fine,  about  uniform 
in  size,  in  rather  broad  bands;  depth  in  length,  2.8;  head,  3.9;  eye  in 
head,  5.2}^;  snout,  2.3;  pectoral,  .7,  to  about  opposite  8th  dorsal  ray; 
ventral,  2.2J^,  extending  a  little  less  than  half-way  to  anal;  dorsal  and 
anal  lobes  respectively  2.0  and  2.5,  their  rays  evidently  broken  at  the  end, 
whence  we  deduce  that  the  fish,  in  youth,  had  filaments  characteristic  of 
this  group.  No  dorsal  or  anal  spines.  Dorsal  with  19,  anal  with  16  soft 
rays.  Curve  of  lateral  line,  1.0  in  straight  part.  Scutes,  10  on  peduncle, 
the  3  anterior  very  weak.  Anal  origin  somewhat  posterior  to  dorsal.  As 
this  is  a  mounted  specimen  the  depth  of  body  may  not  be  reUable,  and 
the  gill-rakers  can  not  be  counted. 


*Caru8,  J.  v.,  1893.    ProdromuB  Faunsp  Mediterraneie,  II,  p.  671. 
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Besides  the  less  depth,  and  the  lack  of  filamentous  dorsal  and  anal  rays, 
this  specimen  differs  from  ciliaris  of  7  inches  and  less  in  the  smaller  eye, 
deeper  preorbital  giving  a  greater  snout  measurement,  fewer  scutes, 
longer  pectoral,  and  resembles  them  in  the  long  curve  of  the  lateral  line. 
In  these  respects  it  compares  with  the  8-inch  Batavian  indicus,  from 
which,  however,  it  differs  in  the  same  long  curve  of  the  lateral  line.  But 
comparing  this  lateral  line  curve  with  figures  of  indicus  of  different  sizes, 
it  seems  probable  that  same  lengthens  with  increased  size  and  reduced 
depth  of  the  fish,  that  the  measurement  in  our  mounted  specimen  is 
what  would  be  expected  for  a  large  indicus  and  is  less  than  one  should  find 
in  a  large  ciliaris.  Of  the  two,  it  should  be  placed  with  the  former,  which 
is  known  to  reach  a  large  size,  and  indeed  it  is  easier  to  understand  that 
an  occasional  stray  of  an  East  Indian  free-swinmiing  fish  should  reach 
the  West  Indies,  as  the  Whale  Shark  is  known  to  do,  than  that  the 
common,  cosmopolitan  ciliaris  should  be  known  in  its  adult  form  only 
from  an  occasional  West  Indian  record.  The  greatest  drawback  to 
synonymizing  cnbensis  with  indicus  is  that  Day*  says  of  ^^gallus'^^ 
indicus:  "Teeth  apparently  villiform  in  young  in  jaws  .  .  .  ,  but  in 
adults  (23  inches  long)  they  assume  an  entirely  different  (or  Sparoid) 
character,  having  rounded  crowns,  5  rows  in  premaxillaries,  and  4  in 
lower  jaw,  decreasing  to  2  or  1  row  behind,"  whereas  our  large  cvbensis 
has  approximately  villiform  teeth.  Possibly  Day  is  in  error  here,  for  the 
general  tendency  is  for  carangid  teeth  to  become  more  villiform  with  age, 
rather  than  less  so. 

Discussion 

These  fishes  are  all  closely  related.  By  British  authors  they  are  in- 
cluded with  rf  host  of  more  generaUzed  forms  in  the  genus  Caranx,  The 
remarkably  speciaUzed  young,  and  the  very  extent  of  their  age-changes, 
however,  justify  their  separation,  which  is  also  a  matter  of  convenience. 
Goreensisj  the  type  of  Hynnis^  and  probably  identical  with  aUxandrinuSy 
is  also  less  closely  related  to  Hynnis  cubensis  and  H,  hopkinsi  (see  beyond) 
than  these  are  to  Aleciis  indicus  and  A.  ciliaris.  There  is  no  excuse  either 
in  the  fishes*  relationship  or  in  convenience  for  recognizing  the  genus 
HynniSy  and  all  recognized  species,  whether  the  young  or  the  old  form, 
should  stand  as  Alectis. 

So  far,  Uttle  mention  has  been  made  of  hopkinsi,  known  from  a  single 
specimen  26  inches  long  taken  on  the  west  coast  of  Mexico.  This  speci- 
men has  not  been  examined  but  there  is  an  excellent  figure  of  it  which 


>Day,  1889,  Fauna  of  British  India,  Fishes,  p.  166. 
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shows  the  eye  1.8  in  snout,  curve  of  lateral  line  .7  in  straight  part  (1.0  in 
description).^  From  the  appearance  of  the  rays  in  dorsal  and  anal  lobes 
we  judge  that  when  younger  it  had  filamentous  rays.  Dorsal  and  anal 
rays  are  given  as  18  and  15,  scutes  12,  gill-rakers  12.  This,  more  than 
any  other  specimen  we  know  of,  suggests  an  overgrown  ciliarisy  but  the 
gill-rakers  are  definitely  too  few  and  it  should  stand  as  a  distinct  species. 

Whereas  the  structural  changes  with  size  in  cilians  parallel  those  in 
indicus^  we  know  of  no  material  tending  to  prove  that  cilians  reaches  a 
very  large  size  or,  Uke  indicuSj  becomes  a  fish  of  very  different  character 
from  what  it  is  when  small.  It  is  not  improbable  that  it  retains  the  char- 
acters which  are  more  or  less  larval  elsewhere  in  the  genus.  It  is  the  com- 
monest and  most  widely  distributed  species,  found  in  the  warmer  parts  of 
the  Atlantic,  Pacific  and  Indian  oceans,  and  drifted  northward  in  the 
Gulf  Stream  and  corresponding  Japan  (\urent  of  the  western  Pacific. 

Review  of  the  Genus  Aledis 
Alectis  comprises  marine  fishes,  of  the  subfamily  Caranginse,  with 
deep  and  compressed  form,  especially  in  the  young  (thus  differing  from 
CaranXj  Carangoides,  etc.),  teeth  in  bands  (like  Carangoides),  scales  ob- 
solete or  absent  on  rest  of  the  body  as  well  as  on  chest  (thus  differing  from 
Citvla) ,  one  or  more  of  the  soft  dorsal  and  anal  rays  prolonged  in  filaments, 
at  least  in  the  young  (thus  differing  from  Vcmfr)^  scutes  few  and  small 
but  always  present  on  the  peduncle  (thus  differing  from  Selene).  In- 
dividuals undergo  marked  changes  with  growth,  becoming  less  deep  and 
compressed  with  age,  the  ventrals  at  first  long,  shortened  by  abrasion, 
the  dorsal  and  anal  filaments,  as  well  as  the  dorsal  spines,  also  entirely 
lost  in  those  which  reach  a  large  size. 

▲leetU  alexandrinus  (Geoffroy) 

GaUus  alexandrinus  Geoffroy,  1809,  Desc.  Eg>'pte,  etc.,  I,  part  1,  PI.  xxii,  fig.  2. 
Alexandria. 

Hynnis  goreensis  Cuvier  and  Valenciennes,  1833,  IX,  p.  195,  PI.  cclvu.  West 
Africa. 

GaUichthys  (Bgyptiacus  Lth-KEN,  1880,  Spolia  Atlantica,  pp.  538-542. 

Caranx  alexandrinus  Carus,  1893,  Faunae  MediterranesB,  II,  p.  671. 

Mediterranean  and  West  Africa. 


UortUn  and  Evermsnn.  1900,  Fishes  of  North  and  Middle  America,  IV,  pi.  cxliii 
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Alectis  indicus  (Kuppell) 

Scyris  i/idica  Rt^FPELL,  1828,  Atl.,  Fische,  PI.  xxxiii,  fig.  1.    Djetta. 
Caranx  gaUm  GttNTHBR,  1860,  Cat.,  II,  p.  455,  and  recent  British  authors. 
Hynnis  cubensis  Poey,  1860,  Memorias,  II,  p.  235;     Havana.     Jordan  and 
EvERMANN,  1896,  Fishes  of  North  and  Middle  America. 

Indian  Ocean  and  adjacent  peas,  large  individuals  straying  to  Cuba 
and  Florida. 

Alectis  hopkinsi  (Jordan  and  8tarks) 
Hynnis  hopkinsi  Jordan  and  Starrs,  1896,  in  Jordan  and  Evermann,  Fishes 
of  North  and  Middle  America,  I,  p.  933;  1900,  idem,  IV,  PI.  cxun.    Mazatlan,  west 
coast  of  Mexico. 

Only  the  type  known. 

AlectU  ciliarU  (Bloch) 
Zeus  ciliaris  Bloch,  1788,  Ichth.,  VI,  p.  27,  PI.  cxci.    East  Indies. 
Cosmopolitan  in  warm  seas,  north  in  the  Gulf  Stream  and  Japan 
CuTent. 

Key 
Preorbital  deep,  eye  about  twice  or  more  in  snout  (or  one  and  two-thirds 
in  the  very  young),  gill-rakers  25  to  35. 

Doi-sal  with  21  or  22,  anal  with  19  soft  rays.  .  .  alexandrinm} 
Doi-sal  with  19,  anal  with  16  soft  rays indicus.- 

Preorbital  less  deep,  eye  a  little  less  than  twice  in  snout,  gill-rakers 

12 hopkinsi 

Preorbital  narrow,  eye  about  equal  to  snout,  gill-rakers  17  to  18, 

ciliaris. 


Doubtful  Spcciks 
*Scute8  15  to  18,  a  single  dorsal  ray  notably  produced  in  the  young Qcreentit. 

Soutee  14  or  leee,  3  or  4  dorsal  rays  almost  equally  produced  in  the  young aUzmtdrinus. 

Teeth  in  large  fish  in  4  or  5  or  less  rows,  sparoid  in  character  with  rounded  crowns indieut. 

Teeth  in  large  fish  small,  in  rather  broad  bands.   Young  not  known etibtntit. 
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Article  v.— NEW  SPECIES  AND  SYNONYMY   OF   AMERICAN 

CYNIPIDiE' 

By  Alfred  C.  Kinsey 
Plates  XX  to  XXVII 

Our  present  knowledge  of  the  Cynipidse  (Hymenoptera),  of  the 
number  of  species,  of  species  limits,  and  of  species  and  group  relationships, 
is  decidedly  incomplete.  Students  of  the  gall-wasps  have  been  few,  and 
from  large  areas  of  the  world  practically  no  collections  of  this  family 
have  been  made,  e.  g.,  in  the  Western  Hemispherewehaveseen  very  little 
material  from  the  southern  and  western  parts  of  the  United  States,  from 
Mexico,  or  from  Central  or  South  America.  In  consequence,  we  are 
hindered  considerably  in  obtaining  an  understanding  of  the  peculiar 
biological  phenomena  characteristic  of  these  insects.  The  origin  and 
development  of  gall  production,  of  agamic  reproduction,  and  of  het^rogeny 
especially,  may  be  adequately  comprehended  only  through  a  careful 
study  not  only  of  the  species  already  described  but  also  of  many  of  these 
species  yet  to  be  described.  I  count  it  good  fortune  to  be  able  to  offer 
descriptions  of  sixteen  new  species,  several  of  which  are  important  items 
in  the  exposition  of  the  very  phenomena  above  mentioned.  These  species 
are  distributed  among  most  of  the  genera  of  the.family,  in  a  number  of 
instances  representng  groups  which  have  been  hitherto  the  least  well 
known,  e.  g.,  Aulactdea,  Diastrcyphus,  and  Disholcaspis.  I  have  also 
included  some  new  and  corrected  S3mon3m[iy. 

Certain  genera  of  the  Cynipidse  are  founded  upon  definite  morpho- 
logical characters  which  are  clearly  paralleled  by  biological  considera- 
tions. But  many  of  the  species  of  oak  gaJl  producing  Cynipidae  have 
long  been  held  in  groups  which  are  based  on  the  most  meager  of  indefinite 
morphological  characters,  and  the  "genera"  thus  made  are  not  confirmed 
by  a  more  careful  examination  of  the  morphology  and  a  study  of  the 
biology  of  the  species  concerned.  And,  moreover,  until  both  of  the  alter- 
nate generations  of  dimorphic  species  can  be  included  by  a  generic  defini- 
tion, the  group  remains  an  artificial  creation.  In  another  paper,  on  the 
phylogeny  of  the  Cynipidae,  I  am  discussing  this  question  in  more  detail 
and  oflFering  data  which  may  be  used  to  draw  lines  for  natural  genera.  I 
hope  to  be  able  in  the  near  future  to  revise  the  genera  for  the  family. 

>Conteibution  from  the  Entomological  Laboratory  of  the  Bussey  Institution ,  Harvard  Univer- 
■ity.  No.  163. 
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Until  that  time,  it  is  surely  wise  not  to  maintain,  in  the  description  of  new 
species,  the  several  "genera"  known  as  Cynips,  Dryophanta,  Callirhytis, 
AndricuSj  Biorhiza,  Phihnix,  et  al,y  species  of  which  groups  might  all  be 
described  under  the  designation  of  ^'  Andricus.^^  Under  that  name  are 
now  included  so  many  species  of  very  different  form  and  biology  that  the 
name  is  veiy  patently  meaningless.  In  using  it,  I  do  not  in  the  least 
intend  to  imply  anything  definite  concerning  the  generic  relationship  of 
the  species. 

This  part  of  my  work  with  Cynipidse  has  been  done  under  the  super- 
vision of  Dr.  Wm.  M.  Wheeler,  Dean  of  the  Bussey  Institution  and 
Professor  of  Entomology  of  Harvard  University,  and  of  Professor  C.  T. 
Brues  of  the  Entomology  Department  of  the  Bussey  Institution.  To 
both  of  these  men  I  am  deeply  indebted  for  their  continued  direction 
and  encouragement. 

For  the  opportunity  of  studying  the  material  described  in  this  paper 
I  am  indebted  to  the  kindness  of  Dr.  Frank  Lutz  of  The  American  Mu- 
seum of  Natural  History,  Charles  W.  Johnson,  Ciu^tor  at  the  Boston 
Society  of  Natural  History,  and  Nathan  Banks,  of  the  Museum  of  Com- 
parative Zoology  of  Harvard  University.  The  majority  of  the  new  species 
here  described  were  found  in  the  collections  of  the  latter  institution.  All 
of  the  authorities  mentioned  have  been  most  liberal  in  offering  free  access 
to  the  important  collections  under  their  direction,  and  as  liberal  in  their 
interest  in  and  encouragement  of  my  studies. 

To  Professor  Brues  I  am  further  indebted  for  the  photographs  which 
illustrate  this  paper,  adding  considerably  to  the  value  of  the  work  and 
to  the  availabiUty  of  the  descriptions. 

Rhodites  vemus  Osten  Sacken 

Cyiiips  (Rhodites'!)  tuberculosa  Osten  Sacken,  1861,  Ent.  Zeit.  Stettin,  XXII,  p.  415. 

[Description  too  brief.) 
Rhodites  vema  Osten  Sacken,  1863,  Proc.  Ent.  Soc.  Phila.,  II,  pp.  41,  45,  47, 
Rhodites  nodulosus  BeutenmUller,  1909,  Ent.  News,  XX,  p.  247;    1914,  Bull. 

Brooklyn  (N.  Y.)  Ent.  Soc,  IX,  p.  88,  PI.  v,  figs.  1-5. 
Cotype  galls  and  females  of  both  vemus  and  nodvlosus  are  in  the 
Museum  of  Comparative  2iOology  in  Cambridge.  The  only  differences  I 
can  see  in  direct  comparison  of  the  two  lots  of  galls  is  that  the  type 
material  of  nodulosus  is  smaller  than  the  type  material  of  vemus.  The 
females  seem  identical  except  for  darker  markings  on  the  hind  margins 
of  the  abdominal  plates — a  character  which  is  as  liable  to  variation  as  is 
the  size  of  the  gaUs.  R.  vemius  is  Iquite  a  unique  species  in  Rhodites, 
and  all  the  unique  characters  are  to  be  seen  in  the  nodulosus  types.    The 
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''large  shining  area"  of  the  pleursB  described  for  nodulosus  is  rather  dull 
and  not  entirely  smooth  in  the  types  I  have  seen. 

Andricus  punctatui  (Bassett) 
Pla^e  XX,  Figures  1  and  2 
Cynips  q.  punctata  Bassett,  1863,  Proc.  Ent.  Soc.  Phila.,  II,  p.  324. 
Cynips  q.  podagras  Walsh,  1864,  Proc.  Ent.  Soc.  Phila.,  II,  p.  492. 
Andncus  damsi  [gall]  BbxttenmO^ller,  1907,  Bull.  Amer.  Mus.  Nat.  Hist.,  XXIII, 

p.  463. 
Holcaspis  glohxdus  [error]  Thompson,  1915,  Cat.  Amer.  Ins.  Galls,  p.  60,  No.  127, 
editor's  note. 

I  have  examined  type  material  of  Andricus  davisi  in  The  American 
Museimi  of  Natm-al  History,  the  Museum  of  Comparative  Zoology,  and 
in  the  collection  of  Mr.  W.  T.  Davis.  Mr.  Davis  has  kindly  given  me 
specimens  of  the  gall  and  adults  from  the  type  locality.  The  adults  are 
the  inquilines  named  Synergvs  Kgnicola  Osten  Sacken  (1865,  Proc.  Ent. 
Soc.  Phila.,  IV,  p.  374),  of  which  davisi  must  become  a  synonym.  The 
original  description  of  davisi  mostly  corresponds  with  the  types.  But  the 
male  antennae  are  actually  15-jointed,  the  female  13-jointed;  and  no 
mention  is  made  of  the  arcuate  first  abscissa  of  the  radius,  the  closed 
radial  cell,  the  longitudinally  striate  first  segment  of  the  abdomen,  or 
other  characters  which  are  generic  for  Syrtergus, 

The  galls  from  which  these  were  bred  appear  to  be  deformed  speci- 
mens of  Andricus  punctaius.  Walsh  (1864,  Proc.  Ent.  Soc.  Phila.,  II, 
p.  499),  Gillette  (1889,  Psyche,  V,  p.  185),  and  Beutenmiiller  (1910,  in 
Smith's  Cat.  Ins.  N.  J.,  p.  597)  record  this  inquiline  from  this  gall;  other 
inquilines  and  parasites  are  commonly  bred  from  it.^ 

In  stud3dng  the  Thompson  Collection  in  the  Boston  Society  of 
Natural  History,  I  find  the  material  of  No.  127  of  Thompson's  Catalogue 
to  be  this  same  gall,  with  a  large  part  of  the  insects  bred  being  S.  Kgni- 
cola, The  gall  davisi  was  described  as  occurring  on  Quercus  ilidfolia; 
the  Thompson  material  came  from  both  Q.  ilidfolia  and  Q.  rubra.  Al- 
though normal  puncUUus  is  more  often  found  on  Q.  rubra,  Q,  vduiina,  o^ 
Q.  cocdnea,  it  is  also  found  normal  on  others  of  the  black  oaks  including  Q. 
ilidfolia  (cf.  Beutenmiiller,  1904,  Amer.  Mus.  Nat.  Hist.  Guide  Leaflet 
16,  p.  13;  and  Viereck,  1916,  Hymen.  Conn.,  p.  431). 

The  parasitized  or  inquiline-inhabited  galls  are  quite  different  from 
normal  galls  of  the  species.    Compare  Figs.  1  and  2  of  Plate  XX.    In- 


»After  I  had  written  the  above,  Mr.  Lewis  H.  Weld  drew  my  attention  to  similar  abnormal  galls 
which  were  evidently  developed  from  galls  of  another  species  of  Andrictu.  It  would  seem  that 
Syntrgu*  ligniocia  may  affect  in  similar  fashion  more  than  one  species  of  cynipid  gall;  or  it  is  possible 
that  I  am  wrong  in  believing  Andricua  punctattu  to  be  ever  involved. 
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fested  galls  are  usually  more  or  less  globular,  in  groups,  but  not  so  com- 
pletely fused  into  a  single  mass  as  normally.  Internally  these  galls  are 
only  loosely  woody,  with  several  small  larval  chambers  (without  a  distinct 
larval  cell-wall)  arranged  somewhat  radially  and  near  the  bark.  E^ach 
portion  of  the  fused  mass  of  the  normal  gall  is  woody  and  will  contain 
toward  the  center  one  to  three  good-sized  larval  cells  with  a  distinct  cell- 
wall.  This  is  a  typical  instance  of  the  change  effected  in  the  structure  of 
a  gall  when  it  becomes  inhabited  by  inquilines.  A  few  other  similar 
instances  are  well  known;  it  is  likely  that  many  others  will  come  to  light. 
A  careful  study  of  these  might  indicate  some  of  the  factors  which  act  to 
produce  galls.  In  A,  pundaiiis  the  "inquiline"  seems  to  be  more  truly  a 
parasite,  for  usually  gall-wasps  are  not  reared  from  galls  which  breed  out 
the  SynerguSj  nor  is  the  gall-maker's  larval  cell  found  to  be  developed  to 
any  size.  It  is  likely  that  the  Synergm  does  not  attack  the  Andricus 
larva  directly,  but  indirectly  by  robbing  it  of  the  food  in  the  gall. 

Aulacidea  abdita,  new  species 
Plate  XXI,  Figures  6  and  7 

Femal£. — Head  and  thorax  dark  piceous  (not  black),  face  distinctly  rufous,  a 
prominent  median  elevation  on  the  front,  abdomen  darkest  terminally  (not  dorsally 
and  basally);  areolet  moderately  large.  Head:  piceous,  the  face  bright  rufous, 
shading  to  red  or  yellowish  red  at  the  mouth-parts,  coriaceous,  with  a  few  short  hairs; 
the  face  rather  irregularly  striate,  with  a  moderate  median  elevation  on  the  face  and 
a  separate  and  prominent  median  elevation  on  the  front  bearing  the  ocelli.  Antennae 
13-(  14-) jointed,  dark  rust-brown,  the  first  two  joints  reddish  brown  or  bright  red; 
covered  with  short  hairs.  Thorax:  piceous,  usually  dark,  but  not  black;  meso- 
notum  finely  rugoso-punctate,  covered  with  short  hairs;  parapsidal  grooves  distinct, 
continuous  to  the  pronotum,  widely  separated  at  the  scutellum;  median  groove 
distinct  for  a  short  distance  from  the  scutellum,  its  further  extension  being  indistinct 
to  a  point  one-quarter  of  the  way  to  the  pronotum;  anterior  parallel  lines  distinct, 
extending  half  the  way  to  the  scutellum;  lateral  lines  distinct,  extending  half  the  way 
to  the  pronotum;  scutellum  finely  rugose  with  the  two  small  foveae  divergent,  widely 
separate,  smooth;  mesopleurae  shining,  aciculate.  Abdomen:  shining,  smooth,  dark 
red,  rufous  to  piceous  terminally,  brighter  red  or  yellowish  red  basally,  with  a  patch 
of  white  hairs  on  each  side  of  the  second  segment  basally.  Legs:  quite  uniformly 
reddish  yellow,  the  tips  of  the  tarsi  slightly  darker.  Wings:  veins  brown;  areolet 
distinct,  moderately  large  or  large;  cubitus  hardly  reaching  the  basal  vein;  radial 
cell  entirely  closed;  first  abscissa  of  the  radius  arcuate.    Length:  1.5-2.0  mm. 

Male. — Similar  to  the  female,  but  differing  as  follows:  antennse  li-jointed, 
third  joint  curved  (but  only  slightly  so),  whole  antenna  reddish  yellow,  the  dame 
color  as  the  legs;  median  groove  less  distinct  and  shorter;  abdomen  much  shorter 
than  in  the  female,  rufous  to  piceous,  and  quite  dark  on  the  posterior  half;  wing- 
veins  lighter  brown  than  in  the  female,  the  areolet  large  or  very  large  and  elongate  on 
the  cubitus  toward  the  basal  vein;  length,  1.2-1.  7  mm. 

Galls. — None.  The  insect  lives  in  cavities  (Figs.  6  and  7)  in  the  pith  of  the 
stems  of  Laduca  elongata  and  most  likely  of  other  species  of  Lactuca.    There  is  no 
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proliferation  of  the  pith-tissue  and  scarcely  any  differentiation  of  the  lining  of  the 
larval  cells.  These  cells  average  2.0  mm.  by  1.2  mm.  Externally,  the  stem  shows  no 
trace  of  a  gall. 

Range. — Canada:  Quebec  (Couper  Coll.). 

CoTYPEs. — Thirty-three  females,  twenty  males,  and  ten  pieces  of  infested  stems 
as  cotypes,  in  the  collections  of  The  American  Museum  of  Natural  History,  the  Mu- 
seum of  Comparative  Zoology,  and  in  the  author's  collection.  The  stems  were  col- 
lected about  forty  years  ago.  I  cut  the  cotype  adults  from  the  stems  and  many  of 
the  specimens  are  imperfect  or  barely  mature. 

I  cut  one  parasite,  an  eurytomid,  from  the  same  stems. 

The  insects  superficially  resemble  the  adults  of  Aulacidea  bicolor, 
but  the  two  species  differ  in  many  respects.  The  most  conspicuous  key 
characters  of  abdita  are  the  rufous  face  (in  bicolor  only  the  mouth-parts 
are  rufous  or  black),  the  very  prominent  median  frontal  elevation  (prac- 
tically absent  in  bicolor) ,  the  uniformly  yellowish  red  antennae  of  the  male 
(the  two  basal  joints  are  darker  or  piceous  in  bicolor),  and  the  large 
areolet  of  the  male  (in  bicolor  the  areolet  is  small  or  almost  lacking).  I 
have  bred  large  series  of  true  bicolor  and  have  examined  material  from 
many  locaUties  and  there  seems  to  be  no  variation  of  the  species  toward 
the  characters  of  abdita, 

A  considerable  amount  of  data  which  I  am  bringing  together  else- 
where shows  that  the  Aulacini  are  in  very  many  respects  the  most  primi- 
tive of  the  gall-wasps.  The  biology  of  species  of  the  genus  Aulacidea  is 
hardly  diflFerent  from  that  of  '* normal"  phytophagous  Hymenoptera, 
lacking  the  remarkable  phenomena  such  as  production  of  compUcated  gall 
structures,  agamic  reproduction,  and  alternation  of  generations  so  char- 
acteristic of  the  higher  Cynipidae.  The  galls  in  this  genus  are  all  very 
simple.  In  this  respect  the  most  primitive  of  all  the  species  we  have 
known  previously  is  Aulacidea  Jncolor:  it  produces  no  gaU,  but  lives  in 
the  pith  of  stems.  A  very  few  other  species  of  closely  related  genera  match 
hicohr  in  this  respect,  e.  g.,  Phanacis  cerdaurem,  Aylax  rufus,  and  A, 
ffiUettei.  But  we  have  not  sufficiently  realized  that  there  might  be  many 
species  of  Aulacidea  with  as  primitive  characteristics,  and  I  imagine  that 
we  have  carelessly  labelled  all  specimens  of  Aulacidea  which  have  not 
come  from  distinct  galls  as  being  of  the  species  bicolor.  The  difficulty 
of  locating  the  insects  in  a  plant  which  shows  no  external  evidence  of  its 
infestation  also  accounts  for  the  previous  neglect  to  discover  these  primi- 
tive species.  By  extensive  collecting  of  old  stems  of  Laduca  in  May  and 
early  June,  I  was  able  to  secure  quantities  of  infested  material,  breeding 
large  series  of  insects  from  it,  and  I  have  been  surprised  at  the  variety  of 
species  obtained.    I  found  true  A.  bicolor,  A.  podagrcp  very  abundantly 
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(sometimes  this  species  causes  a  noticeable  gall),  A,  tumida  (not  known 
previously  except  from  well-developed  galls),  and  still  other  species  which 
I  shall  study  further  before  describing.  In  going  over  museum  material 
of  the  same  sort  I  have  found  the  species  here  described  to  be  verj'  distinct 
from  bicolor. 

It  is  very  likely  that  there  are,  still  in  existence  today,  many  distinct 
species  of  Cynipidse  of  primitive  relationships  and  not  yet  discovered 
because  of  then*  hidden  locations  in  plants.  It  promises  to  prove  very 
profitable  if  we  search  widely  for  these  wasps  among  herbaceous  plants 
which  have  their  dead  stema  persisting  throughout  the  winter,  especiaUy 
pithy  stems  of  Composites  of  many  genera.  Though  Laduca  has  proved 
the  most  heavily  infested  thus  far,  it  is  very  likely  that  other  plants  are 
also  thus  attacked. 

Aulacidea  annulata,  new  species 
Plate  XX,  Figures  3  to  5 
Female. — Antenna  golden  brown,  the  second  joint  almost  black;  abdomen 
bright  red  with  two  black  bands  dorsally  at  the  base;  areolet  small;  first  abscissa  of 
the  radius  slightly  angulate;  length  3.5  mm.  Head:  black,  the  mandibles  rufo- 
piceous,  their  tips  black;  coarsely  aciculated,  the  aciculations  radiating  somewhat 
from  the  mouth;  face  with  a  prominent,  broad  median  elevation;  entire  face  covered 
with  grayish  hairs.  AntennsB  13-jointed,  brownish  with  a  reddish  tinge,  joints  three 
to  thirteen  longitudinally  striate,  slightly  pubescent,  first  joint  bright  red  or  rufous, 
second  joint  and  basal  half  of  third  joint  piceous  or  black.  Thorax:  entirely  black: 
mesonotum  punctate,  covered  with  short,  grayish  hairs;  parapsidal  grooves  distinct, 
smooth,  reaching  the  pronotum;  median  groove  distinct,  rather  deep,  extending  one- 
third  or  more  of  the  way  to  the  pronotum;  anterior  parallel  lines  distinct  but  not 
deep,  extending  one-third  or  more  of  the  way  to  the  scutellum;  lateral  grooves 
distinct,  about  as  long  as  the  median  groove;  scutellmn  rugoso-punctate,  the  two 
fovese  large,  shining,  but  not  smooth;  the  pronotum,  lower  edge  of  the  mesopleurac, 
and  metapleurse  densely  hairy;  the  mesopleura;  shining,  deeply  aciculate.  Abdomen: 
bright  red,  shining,  two-thirds  of  the  second  segment  dorsally  and  basally,  and  the 
dorsal  and  anterior  half  of  the  third  segment  almost  or  quite  black;  abdomen  very 
finely  and  microscopically  punctate,  a  very  few  hairs  at  the  base  of  the  second  seg- 
ment laterally,  at  the  top  of  the  seventh  segment,  and  on  the  ventral  edge  of  the 
hypopygium;  the  abdomen  large,  about  oval,  with  the  second  segment  very  short, 
no  longer  than  the  third,  these  two  segments  together  only  a  little  more  than  one-half 
the  total  length  of  the  abdomen.  Legs:  golden  to  reddish  brown,  the  coxsb  bright  red 
or  slightly  suflfused  with  piceous,  the  hind  femora  darker  than  in  the  other  legs,  the 
last  tarsal  joints  in  part  and  all  of  the  tarsal  claws  dark  brown  or  black;  legs  entirely 
punctate,  pubescent.  Wings:  clear;  all  the  veins  dark  brown;  areolot  usually  small 
or  lacking  but  variable  in  size;  cubitus  apparently  not  reaching  the  basal  vein,  but  a 
colorless  trace  of  the  vein  may  in  certain  lights  be  seen  extending  the  rest  of  the  way 
to  the  basal  vein;  radial  cell  entirely  closed;  first  abscissa  of  the  radius  quite  arcuate 
but  with  a  suggestion  of  an  angle  or  rarely  an  actual  projection  at  a  point  slightly 
above  the  middle.  Length:  about  3.5  nmi.,  and  all  of  the  cotypes  are  remarkably 
uniform  in  length. 
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Male. — Similar  to  the  female,  but  differing  in  the  following  respects;  antenn» 
14-jointed,  reddish  or  golden  brown,  joints  1  and  2  dorsally  dark  rufous  to  piceous, 
third  joint  curved;  abdomen  rufous  to  piceous,  darker  dorsally,  almost  black  basaUy 
on  the  dorsal  surface;  areolet  averaging  larger  than  in  the  female;  length,  2.5-3.2  mm. 

Galls. — ^Terminal  swellings  of  a  stem  (Figs.  3  to  5),  more  or  less  dub-shaped  and 
somewhat  bent  and  twisted,  the  enlargements  gradual  from  the  stem,  of  greatest 
diameter  at  the  siunmit.  Very  much  like  some  galls  of  Au^ocui^a  (umuia.  Averaging 
about  70  nmi.  long  by  18  mm.  in  greatest  diameter.  Under  the  bark  the  plant  tissue  is 
twisted,  resembling  the  trunk  of  a  wind-beaten  tree.  Many  leaf  petioles  or  stems  of 
flower  clusters  are  grouped  at  the  summit  of  the  gall,  their  bases  involved  in  the 
swelling.  Internally  the  galls  are  filled  with  pith,  scattered  through  which  are  many 
larval  cells,  each  oval,  averaging  3.5  X  2.5  mm.  The  cells  are  merely  cavities  in  the 
pith,  without  a  separable  or  even  distinct  tissue  to  form  them  (the  cells  are  often  lined 
with  the  cast  pupal  skins  of  the  insects).  On  Lactuca  or  possibly  Prenanthes  (the 
dead  stems  not  exactly  determinable). 

Range. — Massachusetts:  Sharon. 

CoTPYEs. — One  hundred  and  four  female,  sixteen  male,  and  six  gall  cotypes  in 
the  collections  of  The  American  Museum  of  Natural  History,  of  the  Museum  of 
Comparative  Zoology,  of  Mr.  Lewis  H.  Weld,  and  in  the  author's  collection.  The 
adults  were  all  bred  from  galls  which  I  collected  from  a  single  cluster  of  plants. 

The  adxilts  emerged  from  June  5  to  12,  1919,  the  ^gs  undoubtedly 
having  been  deposited  in  the  young  plant  in  the  previous  June,  the  pupse 
overwintering  in  the  dry  stems  of  the  host  plant.  Almost  all  of  the  males 
emerged  before  any  of  the  females  appeared;  after  thirty-six  hours  the 
females  began  appearing  and  the  resulting  ratio  was  84  per  cent  females 
to  16  per  cent  males.    Two  parasites  were  bred  from  the  galls. 

The  adult  of  this  species  is  somewhat  like  that  of  A.  tumiday  but 
anmdata  is  readily  distinguished  by  the  key  characters  given  at  the  begin- 
ning of  the  description. 

The  galls  of  anmdata  are  not  much  diflferent  from  some  of  those  of  A. 
tumida,  although  the  adult  is  distinct.  It  is  quite  likely  that  there  are 
many  species  in  this,  a  primitive  genus  of  the  Cynipidae,  which  are  not 
yet  known,  being  mistaken  for  other  species  with  similar  galls.  These 
galls  are  simple  swellings  of  the  stems  of  herbaceous  plants,  with  some 
proliferation  of  the  pith-cells,  but  with  the  resulting  deformations  all  so 
slight  (comparatively)  that  the  galls  of  different  species  are  not  distin- 
guished as  completely  as  are  the  galls  of  the  higher  cynipids. 

Diastrophus  tumefactus,  new  species 
Plate  XXI,  Figures  10  and  11 
[No  name,  gall  only]  Jakvis,  1909,  39th  Report  Ent.  Soc.  Ont.,  p.  79. 

Female. — Length  under  2.0  mm.;  thorax  mostly  black,  legs  and  antennae 
uniformly  golden  brown;  wings  without  areolet.  Head:  rufo-piceous,  almost  black 
on  the  vertex,  reddish  toward  the  mouth-parts;  mandibles  large,  brownish;  head 
finely  coriaceous  except  for  a  smooth  median  elevation  and  the  usual  aciculated  cheeks 
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and  fan-shaped  striations  toward  the  mouth;  face  sparsely  hairy,  hairs  longer 
toward  the  mouth;  antennae  quite  uniformly  light  golden  brown,  only  very  slightly 
darker  toward  the  tips,  14-jointed,  hairy.  Thorax:  black,  the  pronotum,  scutellum, 
and  sides  piceous  or  black;  mesonotum  smooth,  shining,  finely  rugose  laterally,  with  a 
very  few,  scattered,  short  hairs;  parapsidal  grooves  deep,  continuous  to  the  pro- 
notum, widely  separated  at  the  scutellum,  and  almost  parallel;  median  groove  very 
faint  but  extending  almost  one-third  of  the  way  to  the  pronotum;  anterior  parallel 
lines  barely  indicated  by  shght  depressions;  scutellum  rounded  posteriorly,  deeply 
rugose,  and  in  large  part  striate,  the  strise  distinctly  converging  (more  so  than  in 
other  species  of  the  genus)  at  the  ridge  separating  the  fovese  and  at  the  sides  of  the 
foveae,  the  fovese  large,  deep,  shining,  with  a  few  faint  cross-striations;  pronotum 
broad,  rugoso-striate;  mesopleurse  rufous  to  piceous  or  black,  evenly  acicula ted. 
Abdomen:  reddish  piceous,  darker  dorsally  and  posteriorly,  entirely  smooth  and 
shining,  the  second  segment  dorsally  extending  over  one-half  the  length  of  the  ab- 
domen, but  very  small  in  lateral  extent.  Legs:  quite  uniformly  golden  brown,  cov- 
ered with  short  hairs;  claws  toothed.  Wings:  entirely  clear,  only  very  microscopic- 
ally pubescent;  veins  dark  gold  or  light  brown,  without  any  cloudings;  areolet 
entirely  absent;  cubitus  extending  to  the  basal  vein;  radial  cell  rather  broad,  open; 
first  abscissa  of  the  radius  slightly  arcuate,  not  at  all  angulate.   Length  :  1 .7-2.2  mm. 

Gali^. — Nodular  swellings  of  the  stem  (Figs.  10  and  11).  Polythalamous  or 
agglomerate,  i.  e.,  many  separate  cells  near  together  in  a  single  stem.  Each  swelling 
averages  about  15  mm.  long  by  10  mm.  in  diameter,  but  several  swellings  will  fuse  to 
make  one  gall  7  cm.,  more  or  less,  in  length;  it  is  covered  with  the  smooth  bark  of  the 
stem,  but  has  scattered,  verj'  minute,  blunt  spines.  The  larval  cells  within  are 
distributed  irregularly  through  the  pith  which  proliferates  somewhat  about  the 
chamber,  but  this  cell  is  not  separable,  nor  is  it  formed  of  a  distinct  layer.  On  the 
stems  of  Potentilla  monspeliensis  var.  narvcffica  (Linnaeus)  Rydberg. 

Range. — Canada:  Quebec  (Couper);  Ontario  (Jarvis). 

CoTYPES. — Nine  female  and  one  gall  co types  in  the  collection  of  the  Museum  of 
Comparative  Zoology  and  in  the  author's  collection.  The  adults  were  cut  from  the 
type  gall  collected  by  Couper  about  forty  years  ago. 

The  gall  of  this  species  was  mentioned  by  Jarvis  but  the  adults  have 
not  been  described  previously.  The  gall  is  a  very  simple  and  primitive 
sort  of  plant  deformation,  being  more  primitive  than  in  most  of  the  species 
of  Diastrophus,  D.fusiformafi^  and  D.fragarice  approach  it  in  this  respect. 
The  adults  are  typical  of  the  species  of  the  genus  and  are  readily  separated 
by  the  key  characters  given  in  the  description. 

It  is  interesting  to  find  another  sj^ecies  of  Diastrophus  occurring  on 
Potentilla.  About  half  of  the  known  species  of  that  genus  of  gall-wasps 
are  found  on  Potentilla^  instead  of  being  restricted  primarily  to  plants  of 
the  genus  Riibiis  as  the  first  observations  indicated.  Thorough  searching 
of  the  various  species  of  Potentilla  may  disclose  still  other  gall-wasps. 
Though  tumefacttis  is  known  from  only  the  one  variety  of  plant,  norvegica, 
which  is  confined  mainly  to  the  eastern  part  of  Canada  and  the  northern 
United  States,  it  is  possible  that  the  same  gall-wasp  occurs  on  the  typical 
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form  of  the  plant,  Tnonspeliensisj  which  ranges  from  Alaska  south  into 
the  District  of  Columbia  and  New  Mexico.    Or  possibly  still  others  of 
the  lai^er-stemmed,  shrubby  species  of  PotenttUa  will  have  the  same  gall. 
I  also  cut  a  parasite  out  of  the  gall — a  species  of  Eurytomidae. 

Neurotenu  thompsoni,  new  species 
Plate  XXI,  Figures  8  and  9 
Neuroterus  rileyi  [error]  Thompson,  1915,  Cat.  Amer.  Ins.  Galls,  p.  7,  PI.  iii,  fig.  173. 

Female. — ^Almost  entirely  black,  the  antennae  ringed  with  light  yellow  at  the 
second  to  third  joint;  length  under  2.0  mm.  Head :  black,  mouth-parts  reddish  brown; 
antennse  IS-jointed  (inclined  to  curl  in  dried  8p>ecimens),  joints  one  and  two  stouter 
than  the  following  joints  though  not  as  globose  as  in  most  species  of  NeuroteruSy  first 
joint  dark  brown,  part  of  the  second  joint  and  the  proximal  tip  of  the  third  joint  very 
light  yeUow,  joints  three  to  thirteen  dusky  brown-black.  Thorax:  piceous  black; 
oaesonotum  microscopically  cracked,  without  grooves;  sides  of  the  thorax  lighter  red- 
dish black.  Abdomen:  piceous  black,  subpedicellate,  rather  angulate  in  outline; 
ovipositor  apparently  short.  Legs  :  light  brownish  yellow,  the  hind  femora  and  tibi» 
dusky  brown  except  at  the  joints;  tarsal  claws  almost  black.  Wings:  veins  brown, 
the  cubitus  reaching  the  basal  vein  below  the  midpoint,  the  areolet  rather  large,  the 
radial  cell  long,  narrow,  open.    Length  :  1 .7  mm. 

Male. — Differing  from  the  female  as  follows:  antennae  14-iointed,  uniformly 
yellowish;  thorax  reddish  amber;  abdomen  elongate,  pedicellate,  yellowish  brown, 
pedicel  light  yellow;  legs  uniformly  yellow  but  with  the  tarsal  cla>\^  black;  length, 
1.7  mm. 

Galls. — Pustulate  spellings  under  the  bark  (Figs.  8  and  9),  each  swelling  oval, 
about  2X3  mm.,  and  elevating  the  bark  about  1.0  mm.;  usually  many  gaUs  are  con- 
fluent, aroimd  the  twig  and  along  it  for  a  length  of  2  -12  cm.  Larval  cells,  distinct  but 
inseparable,  lie  in  the  wood,  near  the  bark,  1-5  to  each  pustule,  and  each  about  0.7  mm. 
in  diameter.    On  young  twigs  of  Quercus  prijwides. 

Range. — Massachusetts  (M.  T.  Thompson  Coll.). 

Cotypes. — Twenty-three  females,  two  males,  and  6  galLs,  distributed  in  the 
collections  of  The  American  Museum  of  Natural  History,  the  Boston  Society  of 
Natural  Historj',  of  Mr.  W.  T.  Davis,  and  in  the  author's  collection. 

The  galls  fonn  in  May. 

Dr.  M.  T.  Thompson  mistook  this  material  for  Neuroterics  rileyi^  a 
middle-western  species  which  N.  thmnpsoni  in  general  resembles,  but  the 
two  are  really  quite  distinct.  N.  thompsoni  is  only  about  half  as  large  as 
the  other  species,  both  in  the  gall  and  the  adult;  the  coloring  of  the 
antenna  and  legs  will  distinguish  thompsoni. 

Through  the  kindness  of  Mr.  C.  W.  Johnson,  Curator  at  the  Boston 
Society  of  Natural  History,  I  have  had  an  opportunity  to  study  cyni- 
pid  material  in  the  Thompson  Collection  of  galls  and  gall-insects.  Though 
this  collection  was  made  in  but  a  single  season,  the  number  of  species 
therein  represented  is  surprisingly  large  and  is  a  credit  to  the  thorough- 
ness with  which  Dr.  Thompson  worked.    I  am  glad  to  be  able  to  give  his 
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name  to  a  species  based  on  material  of  his  own  collecting.  We  shall 
profit  considerably  from  the  work  he  did  and  regret  it  was  so  prematurely 
stopped  by  his  death  in  1907. 

AndricuB  ccmcolonaiB,  new  species 

Plate  XXII,  Figures  12  and  13 

Cynips  dcatricula  [gall]  Bassett,  1881,  Can.  Ent.,  XIII,  pp.  101,  113.    Packabd, 

1881,  U.  S.  Ent.  Comm.  BuU.,  VII,  p.  57;  1890,  5th  Report  U.  S.  Ent.  Comm., 

pp.  107, 109.   AsHMEAD,  1887,  Trans.  Amer.  Ent.  Soc,  XIV,  p.  129. 
Andricus  dcatricula  [gallj  Bassett,  1890,  Trans.  Amer.  Ent.  Soc,  XVII,  p.  80. 

Dalla  Torre,  1893,  Cat.  Hymen.,  II,  p.  82.   Mayr,  1902,  Verb.  Ges.  Wien, 

LII,  p.  289.    Dalla  Torre  and  Kieffer,  1902,  Gen.  Ins.,  Hymen.,  Cynip.,  p. 

62;  1910,  Das  Tierreich,  XXIV,  p.  642.  Vierbck,  1916,  Hymen.  Conn.,  p.  413. 
CaUirhytis  dcatricula  [gall]  BEUTENMttLLER,  1904,  BuU.  Amer.  Mus.  Nat.  Hist.,  XX, 

p.  25. 
Andricus  dcairiculus  [gall]  Thompson,  1915,  Cat.  Amer.  Ins.  Galls,  pp.  12,  31,  PI. 

Ill,  fig.  171.   Felt,  1918,  BuU.  N.  Y.  State  Mus.,  CC,  p.  79,  PI.  i,  fig.  1. 
[Andricus  dcairiculus  (Bassett),  male  and  female,  belongs  to  Ceroptres  Hartig,  and  is 

an  inquiline  in  the  gaU  of  Cynips  cancolorans.] 

Female. — Mostly  reddish  piceous,  the  wing-veins  very  light  amber,  and  antenns 
and  legs  mostly  rich  golden  brown.  Head:  piceous,  the  vertex  almost  blacky  coria- 
ceous to  finely  rugose,  the  cheeks  and  face  with  a  sparse,  white  pubescence;  antennse 
14-iointed,  uniformly  rich  golden  brown,  the  third  joint  not  much  longer  than  the 
fourth.  Thorax:  pieeous  to  black;  pronotiun  striate,  mesonotum  finely  and  regular- 
ly shagreened,  not  heavily  pubescent;  parapsidal  grooves  continuous,  fairly  deep,  weU 
separated  at  the  scuteUum,  sharply  curving  apart  at  the  pronotum;  median  groove 
extending  about  one-third  the  way  to  the  pronotum;  anterior  paraUel  lines  smooth, 
shining,  extending  half-way  to  the  scuteUmn;  mesopleurse  striate,  with  a  large  shining 
area;  scuteUum  black,  finely  rugose,  sparsely  pubescent,  with  the  fovese  separated, 
not  large,  divergent,  shining.  Abdomen:  reddish  piceous,  darker  dorsaUy  and  pos- 
teriorly, second  segment  polished,  extending  almost  to  the  tip  of  the  abdomen;  ovi- 
positor sheaths  extending  above  the  tip  of  the  dorsal  line.  Legs:  golden  brown,  aU 
the  cox»  and  the  hind  femora  and  tibiae  darker;  claws  simple.  Wings:  large;  veins 
light  amber;  the  cubitus  very  faint  but  extending  weU  toward  the  basal  vein;  first 
abscissa  of  the  radius  angulate  though  not  sharply  so;  the  areolet  moderately  large; 
the  radial  area  open.   Length:  1.3-2.2  nmi. 

Male. — Similar  to  the  female,  but  with  the  antennae  15-iointed,  the  third  joint 
curved;  abdomen  dark,  slender,  elongate;  areolet  smaU;  length,  1.2-2.0  nmi. 

Gall. — Figs.  12  and  13.  "  Polythalamous  gaUs  on  the  midvein  of  the  leaves  of 
Quercus  alba,  [Q,  Prinus,  Q.  prinoides,  Thompson  CoU.]  never  more  than  one  on  a  leaf, 
and  situated  sometimes  at  the  base,  but  usuaUy  from  one-fourth  to  one-half  way  from 
the  base,  rarely  above  the  middle.  They  project  one-third  below  and  two-thirds  above 
the  surface  of  the  leaf.  On  the  under  side  of  the  leaf  they  are  rounded  and  on  the 
upper  cone-shaped.  The  gaU  is  soUd  and  somewhat  fibrous,  and  in  its  shorter  diam- 
eter measures  about  one-half  inch  and  in  the  longer  from  five  to  seven-eighths  of  an 
inch.  The  larval  cells  radiate  in  aU  directions  from  the  center  of  the  gaU  and  are  quite 
niunerous.  There  is  at  or  near  the  summit  of  the  cone  a  smaU  scar  or  indenta- 
tion  "     Bassett,  1881,  p.  101. 
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Range. — Massachusetts:  Marthas  Vineyard.  Rhode  Island:  Providence 
(Thompson).  Connecticut:  Waterbury  (Bassett).  New.  York:  Ellenville  (in  Coll. 
Amer.  Mus.  Nat.  Hist.). 

CoTTPBs. — ^Forty-five  females,  seventy-^our  males,  in  the  collections  of  The 
American  Museum  of  Natiural  History,  the  Boston  Society  of  Natural  History,  the 
Museiun  of  CJomparative  Zoology,  in  the  author's  collection,  and  elsewhere.  The 
adult  material  was  bred  by  Millett  T.  Thompson,  No.  185  of  his  collection  which  is  at 
the  Boston  Society  of  Natiural  History.  The  galls  of  the  Thompson  CoUection  are  m 
poor  condition,  so  I  should  designate  my  Marthas  Vineyard  material  of  galls  as  type 
galls  for  this  species. 

Thompson  found  the  adults  emerging  late  in  June. 

The  type  material  of  Bassett's  Andricus  cicatriculxis  in  The  American 
Museum  of  Natural  History  contains  one  female  of  A .  concolorans,  and  a 
number  of  specimens  of  an  inquiline.  The  description  of  the  adult  oca- 
triculus  agrees  with  the  inquiline  to  which  that  name  must  be  applied;  it 
would  appear  to  be  a  Ceroptres.  The  material  from  the  Thompson  Collec- 
tion matches  the  single  female  (undescribed)  of  the  Bassett  types. 
Thompson  also  bred  the  same  inquiline. 

Inquiline  species  are  very  often  quite  similar  to  their  gall-maker 
hosts,  and  consequently  most  students  of  Cynipidae  have  repeatedly 
described  inquilines  as  true  gall  makers.  But  Homer  F.  Bassett  was  a 
careful  enough  worker  to  have  avoided  almost  entirely  such  mistakes, 
and  to  find  the  instance  here  described  lends  emphasis  to  the  fact  that  in 
Andricus  concohrans  and  Ceroptres  cicatricula  the  identity  is  unusually 
remarkable.  The  generic  differences  are  quite  apparent,  but  the  specific 
details  show  few  differences.  The  main  points  of  difference,  all  generic 
(or  even  family)  characters  are: 

Cynipid  Inquiline 

Radial  cell  Open  Closed  (not  open  as  Bassett  stated) 

Radius,  first  abscissa    Angulate  Arcuate 

Antennae,  female  14-jointed  13-jointed 

Abdomen,  first  seg-    Insignificant      One-fifth  the  length  of  the  abdomen  (separa- 
ment  tion  from  segment  2  not  always  visible) 

The  two  species  agree  quite  closely  (though  of  course  not  exactly)  in 
the  following  respects:  general  color  of  head,  thorax,  abdomen,  antennae 
(l>art),  legs,  wing-veins;  length  of  body  and  of  wings;  sculpture  of  thorax 
(not  exactly);  relative  prominence  of  wing-veins.  This  leaves  very  few 
specific  characters  of  difference. 

C!ontemplating  such  close  resemblance  of  species  of  different  general 
we  are  wont  to  consider  again  how  such  "mimicry"  may  have  arisen. 
Mimicry  among  inquilines  in  cynipid  galls  is  of  especial  interest  because 
of  the  absence  of  anything  Uke  a  struggle  for  existence  between  the  two 
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organisms  or  an  active  struggle  of  these  adults  with  any  other  organism. 
The  inquiline  usually  reaches  maturity  and  emerges  from  the  gall,  en- 
joying its  first  moment  of  a  free  or  active  life,  some  time  after  the  brief 
adult  life  of  the  gall- wasp  has  been  completed;  often  the  inquiline  does 
not  appear  until  a  half-year  after  the  death  of  the  gall-wasp.  Since  there 
is  no  meeting  of  the  two  adults  and  since  there  are  practically  no  enemies 
of  the  adults  of  either  species — nor  could  either  adult  offer  any  sort  of 
resistance  to  an  enemy,  beyond  that  afforded  by  minute  size,  rapid  run- 
ning, or  very  feeble  flight — it  is  hard  to  conceive  of  any  advantage  gained 
by  the  mimicry,  and  consequently  hard  to  believe  that  natural  selection 
has  had  any  place  in  effecting  the  similarity.  Nor  is  it  possible  that  each 
species  of  inquiline  has  originated  separatel}'^  from  its  host  species,  for 
the  differences,  as  pointed  out,  are  largely  generic  or  family  characters. 

I  wish  to  note,  without  comment,  that  the  larvae  of  inquilines  and 
hosts  Uve  in  closely  identical  environments.  Though  the  two  do  not 
usually  come  into  actual  contact  and  do  not  interfere  in  any  way  with 
each  other,  they  do  spend  all  but  the  ver>^  later  part  of  their  lives  within  a 
millimeter  or  less  of  each  other  and  subsist  most  likely  on  the  same  sort 
of  food — plant-cell  contents,  mainly  sugars,  or  whatever  it  may  be, 
supplied  by  the  same  individual  plant  and  in  the  very  confined  and 
specialized  part  of  that  plant,  the  gall. 

It  has  seemed  worth  noting  this  much,  although  I  have  not  yet  ac- 
cmnulated  data  enough  to  warrant  generalizations.  It  would  seem  that 
with  this  group  of  insects  there  are  conditions  especially  favorable  for 
obtaining,  bj^  further  observation  and  possibly  through  experiment,  in- 
teresting evidence  as  to  some  factors  producing  some  sorts  of  mimicr>\ 

Andricus  fumaceus,  new  species 
Plate  XXII,  Figures  14  to  16 
Female. — Head,  thorax,  legs,  and  antennse  reddish  to  dark  piceous,  abdomen 
reddish  yellow;  mesonotum  deeply  reticulate,  entire  thorax  and  legs  covered  with 
whitish  hairs;  cubitus  not  reaching  the  basal  vein.  Head:  reddish,  shading  to  pice- 
ous or  black  on  the  face,  irregularly  rugose  and  rather  sparsely  covered  with  yellowish 
hairs;  head  broadened  behind  the  eyes,  with  the  cheeks  broad^  antennae  uniformly 
reddish  brown  to  reddish  piceous,  14-iointed,  the  first  joint  broadly  obconical,  the 
third  not  much  longer  than  the  fourth,  the  following  joints  gradually  shorter,  the 
fourteenth  joint  one-third  longer  than  the  thirteenth .  Thorax  :  dark  reddish  piceous, 
almost  black  on  the  scutellum,  reddish  piceous  to  black  on  the  pleurae  and  pronotum; 
the  mesonotum  rather  deeply  rugoso-reticulate,  with  a  not  sparse  covering  of  yellow- 
ish white  hairs,  the  sides  of  the  pronotum  and  the  metapleurae  more  densely  covered 
with  longer  hairs;  parapsidal  grooves  deep,  not  especially  conviergent  at  the  scutellum, 
and  continuous  to  the  pronotum;  a  pair  of  smooth,  rather  widely  separated  anterior 
parallel  lines,  slightly  divergent  anteriorly,  extending  half  the  way  to  the  scutellum; 
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shallow  but  distinct  lateral  grooves  extending  almost  parallel  to  the  parapsides 
three-quarters  of  the  way  to  the  point  where  the  parapsides  meet  the  pronotum; 
median  groove  lost  in  the  deep  rugosities  of  the  mesonotum;  scutellum  rather  elongate, 
deeply  rugose,  hairy,  with  a  very  broad,  rather  deep  depression  at  the  base,  with  con- 
spicuous, divergent  ridges,  but  hardly  defining  distinct  foveae;  mesopleurse  shallowly 
punctate,  with  long,  appressed,  yellowish  hairs.  Abdomen:  reddish  or  yellowish  red, 
brighter  basally,  smooth,  with  a  few  hairs  at  the  sides  of  the  second  and  on  the  edge  of 
the  third  and  following  segments,  the  second  segment  somewhat  projected  dorsally  to 
two-thirds  the  length  of  the  abdomen;  ovipositor  sheaths  short.  Legs:  reddish 
brown  to  reddish  piceous,  shallowly  punctate  and  entirely  hairy,  the  tarsal  claws 
toothed.  Wings:  one-third  again  as  long  as  the  whole  body,  clear,  regularly  covered 
with  short,  dark  hairs;  all  of  the  veins  brown,  the  subcosta  and  radius  the  heaviest; 
areolet  fairly  large;  cubitus  not  extending  to  the  basal  vein;  radial  cell  open;  the 
first  abscissa  of  the  radius  curved  very  nearly  at  the  midpoint  to  form  an  angle  which 
is  only  a  little  greater  than  a  right  angle.   Length:  2.0-3.2  mm. 

Gall. — A  light  grayish  brown,  rather  regular  swelling  (Figs.  14  to  16)  around 
small  twigs,  resembling  a  baked  potato.  Polythalamous,  a  single  gall  containing 
fifty  or  more  larval  cells.  Usually  a  single,  regular  mass,  rarely  somewhat  convoluted 
as  though  several  portions  had  been  fused;  varying  from  a  spherical  to  ovoid  shape, 
usually  somewhat  concave  where  the  twig  enters  the  gall;  4.5X6.0  cm.  or  less  in 
diameter;  matted,  light  brownish  gray  in  color,  resembling  the  skin  of  a  baked 
potato,  with  scattered  flakes  or  patches  of  a  loosened,  dark  brown,  ''burnt"  skin. 
The  whole  interior  is  hard,  compact-granular,  with  very  little  solid  woody  fibre;  the 
larval  cells  average  2.5  X  4.0  mm.,  formed  of  a  layer  distinct  from  but  closely  embedded 
in  the  surrounding  tissue,  the  cells  scattered  irregularly  throughout  the  gall,  but  more 
abimdantly  nearer  the  center.  Surrounding  and  surmounting  the  young  twigs  (pre- 
venting their  further  growth)  of  Quercus  sp. 

Range. — Mexico:  San  Luis,  Potosi  (Schaffner,  Palmer  Coll.). 

Cotypes. — Thirty-seven  female  and  ten  gall  cotypes  in  The  American  Museum 
of  Natural  History,  the  Museum  of  Comparative  Zoology,  and  in  the  author's  collec- 
tion.  The  insects  were  cut  from  one  of  the  galls  collected  by  Schaffner  in  1880. 

The  same  species  was  collected  in  1878  in  the  same  locality  by  Dr. 
Edward  Palmer,  and  adults  emerged  from  these  galls  in  the  simmier  of 
1879. 

This  belongs  to  a  group  of  several  species  from  Mexico  which  are 
similar  in  coloring  and  general  characters  of  pubescence,  sculpture,  wing 
venation,  etc.,  and  which  produce,  as  far  as  known,  similar  galls  which 
are  large,  woody  swellings  of  twigs.  Inasmuch  as  these  species  are  so 
confusingly  similar,  it  seems  worth  giving  the  following  key  for  distinguish- 
ing them. 

Woody  Galls,  Mexican  Species  op  Andriais 
1.    Head  or  thorax  or  both  with  some  reddish  coloring,  abdomen  without  any  black; 

parapsidal  grooves  complete 2. 

Head  and  thorax  entirely  black,  ovipositor  sheaths  black;   parapsidal  grooves 
obliterated  posteriorly A.  championi  Ashmead. 
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2.  Cubitus  continuous  to  the  basal  vein 3. 

Cubitus  not  reaching  the  basal  vein 5. 

3.  Length  3.5  mm.  or  more;  fovese  at  base  of  the  scutellum  are  very  large,  broad, 

and  rugose 4. 

Length  3.0  nun.  or  less;  two  small  fovese  at  the  base  of  the  scutellum;  antennae 
entirely  rufous A.  morUezuniTia  BeutenmUUer. 

4.  Antenn»  dark  rufous;   median  groove  continuous;   areolet  very  large;   length 

4.0-5.0  nun A.  dugesi  Beutenmtdler. 

Antennae  with  first  two  and  last  few  joints  bright  rufous,  the  other  joints  almost 
black;  median  groove  scarcely  perceptible  in  the  rugosities  of  the  thorax; 
areolet  only  moderately  large;  length  3.5-4.2  mm .  .A.  peredurus,  new  species. 

5.  Length  under  3.2  nmi.;  thorax  entirely  hairy;  no  median  groove,  but  deep  and 

continuous  parapsidal  grooves;  abdomen  with  hairs  on  the  sides  at  the  base. 

A.  fumaceusy  new  species. 

Length  4.0  nam.;  median  and  parapsidal  grooves  indistinct;  abdomen  smooth 

(head  and  thorax  not  described  as  pubescent) .  .A.  durangensis  Beutenmikller. 

AndricuB  incomptUB,  new  species 
Plate  XXIII,  Figures  17  and  18 
Female. — Mostly  yellowish  rufous,  the  antenns  shading  into  dark  brown  toward 
the  tip;  the  tarsal  claws  brown;  the  areolet  large,  elongate;  two  clouded  patches  in 
the  apical  cell.  Head:  yellowish  rufous  shading  into  rufous  brown  on  the  face  and 
on  the  tips  of  the  mandibles;  coriaceous,  and  moderately  hairy;  antennse  13-  or  14- 
jointed,  yellowish  rufous,  the  apical  half  becoming  dark  brown,  third  joint 
long  and  slender  and  fourth  almost  as  long.  Thorax:  entirely  yellowish  rufous; 
mesonotum  closely  punctate,  covered  with  moderately  long,  not  very  dense  hairs; 
parapsidal  grooves  rather  deep,  converging  at  the  scutellum,  continuous  to  the  prono- 
tum;  anterior  parallel  lines  slightly  elevated,  extending  half-way  to  the  scutellum, 
but  punctate  similarly  to  the  rest  of  the  thorax  and  therefore  indistinct  in  most  lights; 
median  groove  lacking;  lateral  lines  slightly  elevated,  almost  smooth,  somewhat 
darker  than  the  rest  of  the  thorax,  and  extending  over  half-way  to  the  pronotum; 
scutellum  long,  cushion-shaped,  rugoso-punctate,  hairy,  with  two,  very  broad,  mod- 
erately deep  depressions  at  the  base  which,  however,  do  not  form  distinct  fovese; 
pronotum  punctate,  hairy;  mesopleurse  not  entirely  smooth,  hairy,  the  upper  third 
somewhat  concave  and  rugoso-punctate.  Abdomen:  yellowish  to  brownish  rufous, 
smooth  and  shining,  as  deep  as  long;  second  segment  tongue-shaped,  extending 
dorsally  almost  to  the  tip  of  the  abdomen;  hairy  over  the  whole  of  the  sides  of  the 
second  segment,  with  a  large  tuft  of  long  hairs  at  the  tip  of  hypopygium.  Legs: 
yeUowish  rufous,  slightly  lighter  than  the  rest  of  the  body ;  tips  of  the  tarsi  dark  brown, 
tarsal  claws  toothed.  Wings:  veins  brown,  heavy;  first  portion  of  the  cubitus,  a  cloud 
on  the  first  abscissa  of  the  radius,  and  two  distinct,  clouded  patches  in  the  apical  cell 
yellowish;  areolet  large,  quite  narrow  and  elongate;  the  cubitus  reaches  the  basal 
vein ;  radial  cell  open ;  first  abscissa  of  the  radius  angulate,  the  angle  obtuse.  Length  : 
2.5-3.2  mm. 

Gall. — ^A  mass  (Figs.  17  to  18)  of  golden  brown,  straggling  wool,  containing  a 
spherical  core  which  is  set  with  a  dense,  rich  reddish-brown  pubescence.  Monothala- 
mous.  The  covering  hairs  are  5  mm.  or  more  in  length,  brittle,  and  rather  wavy, 
forming  an  "uncombed"  mass  about  15  mm.  in  diameter.     The  central  core  is 
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spherical,  averaging  7  mm.  in  diameter,  and  is  covered  with  a  very  dense  pubescence 
of  dark  reddish-brown  hairs  less  than  1  nmi.  long;  this  covering  is  quite  distinct  from 
tlie  longer,  fewer  hairs  which  form  the  main  covering  of  the  gall.  The  walls  of  the 
central  core  are  almost  1  mm.  in  thickness,  and  the  rest  of  the  core  is  taken  up  with 
tlie  large  larval  cell.  Singly,  or  more  often  in  groups  of  two,  on  the  under  surfaces 
(less  often  on  the  upper  surfaces)  of  the  leaves  of  a  species  of  Quercua. 

Range. — Mexico:  San  Luis,  Potosi  (Palmer  Coll.). 

CoTYPBS. — ^Two  female  and  twenty-eight  gall  cotypes,  in  the  Museum  of  Com- 
parative Zoology,  and  in  the  author's  collection,  and  cotype  galls  in  The  American 
Museum  of  Natural  History.  I  cut  the  type  females  from  the  galls  which  were  col- 
lected by  Dr.  Edward  Palmer  in  September  1878. 

The  gall  is  very  distinct.  The  character  of  the  second  s^ment  of 
the  abdomen  and  some  other  characters  of  the  adult  will  place  it  in  Dry- 
ophanta  if  that  genus  can  be  maintained.  But  for  the  time,  until  we  have 
discovered  the  true  lines  of  relationships,  it  seems  best  to  describe  the 
species  under  the  meaningless  name  of  Andricus. 

Andricus  marmoreus,  new  species 
Plate  XXIV,  Figures  22  to  24 
Female. — Mostly  bright  rufous,  the  sides  of  the  thorax  and  coxse  piceous  to 
black,  the  mesopleurse  irregularly  coriaceous,  the  abdomen  microscopically  but  com- 
pletely reticulate.  Head:  yellowish  rufous,  darker  on  the  face  toward  the  bases  of 
the  antennse,  the  tips  of  the  mandibles  piceous;  irregularly  and  finely  shagreened, 
with  scattered  hairs  which  are  longest  and  densest  on  the  extreme  sides  of  the  head  and 
on  the  face  toward  the  mouth-parts.  Antennse  14-jointed,  hairy ;  joints  one,  two,  and 
part  of  three  light  yellowish  rufous,  shading  into  the  brown  of  the  following  joints.  Tho- 
KAX :  mesonotum  bright  mf  ous  with  piceous  or  black  on  the  very  edges,  rather  regular- 
ly coriaceous,  sparsely  hairy ;  a  median  ridge  from  the  scutelliun  to  the  pronotum  being 
irregularly  coriaceous,  only  slightly  elevated,  this  becoming  a  depressed,  smooth,  very 
short  groove  at  the  scutellum;  anterior  parallel  lines  smooth,  slightly  elevated,  and 
extending  half-way  to  the  scutellum;  parapsidal  grooves  fairly  deep,  extending  to  the 
pronotmn;  lateral  lines  rather  broad,  rather  smooth,  neither  elevated  nor  depressed, 
extending  well  forward  toward  the  pronotum;  scutellum  bright  rufous,  piceous  on  the 
edges  and  the  sides,  cushion-shaped,  deeply  rugose,  sparsely  hairy,  with  the  two  deep 
fovese  at  the  base  smooth,  separated  by  only  a  very  fine  ridge;  pronotum  bright 
rufous  to  piceous,  darkest  anteriorly,  irregularly  rugose,  sparsely  hairy;  mesopleura^. 
piceous  to  black,  the  upper  third  deeply  and  irregularly  rugose,  hairy,  the  lower  two- 
thirds  coriaceous,  with  a  spot  of  rufous  red,  with  few  hairs  which  are  longest  and 
most  dense  at  the  lower  edge.  Abdomen  :  quite  uniformly  bright  rufous  red,  some- 
what darker  at  the  posterior  edge,  very  evenly  and  completely  covered  with  a  micro- 
scopic reticulation,  with  a  few  scattered  hairs;  the  second  segment  large,  covering 
most  of  the  abdomen;  the  ovipositor  sheaths  very  narrow  and  short,  hardly  as  wide 
as  an  antenna,  hairy.  Legs:  coxie  piceous,  femora  rufo-piceous,  tibise  and  tarsi 
yellowish  rufous,  the  tips  of  the  tarsi  black,  tarsal  claws  simple.  Wings:  yellowish- 
tinged,  quite  hairy;  veins  brown,  heavy,  both  branches  of  the  cubitus  fine  and  yellow- 
sih,  a  slight  cloud  on  the  basal  vein  and  a  prominent  cloud  around  the  apical  portion 
of  the  subcosta  and  the  first  abscissa  of  the  radius;  areolet  moderately  large,  almost  an 
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equilateral  triangle;  cubitus  not  reaching  the  basal  vein;  radial  cell  open;  the  first 
abscissa  of  the  radius  angulate  but  without  any  projection  into  the  radial  cell^  the 
angle  formed  being  about  120®.   Length  :  2.5-2.8  mm. 

Gall. — ^A  solid,  marble-like  gall  (Figs.  22  to  24),  mottled  in  color,  about  globular, 
and  smooth,  with  a  blunt  tip.  Monothalamous.  The  gall  is  9  mm.  or  less  in  diameter, 
subspherical,  somewhat  flattened  vertically,  with  usually  a  broad-linear  tip  at  the 
apex  2-3  nun.  long;  the  surface  is  light  brown,  not  entirely  smooth  in  dried  specimens, 
the  deeper  portions  colored  darker,  forming  a  speckled  or  evenly  mottled  design.  The 
gall  is  solid,  although  the  tissue  is  not  compact,  and  contains  a  distinct  but  not  separ- 
able larval  cell  which  is  about  3  mm.  in  diameter.  Often  in  numbers,  though  not 
densely  clustered,  on  the  new  shoots  of  Quercus  sp.;  the  wedge-shaped  base  of  the 
gall  is  inserted  in  deep  slits  in  the  twig,  causing  thin  layers  of  the  bark  to  flare  slightly 
aroimd  the  base  of  the  gall. 

Range. — Mexico:  San  Luis,  Potosi  (Palmer  Coll.). 

CoTYPEs. — Two  female  and  fifty-eight  gall  cotjrpes  in  i  he  Museum  of  Compara- 
tive Zoology  and  in  the  author's  collection,  and  cot3q>e  galls  in  The  American  Museum 
of  Natural  History.  The  galls  were  collected  in  September  1878  by  Dr.  Edward 
Palmer,  and  I  cut  the  cotjrpe  adults  from  those  galls. 

The  gall  is  like  a  typical  '* bullet-gall"  of  the  genus  Disholcaspis, 
except  that  it  does  not  have  a  separable  larval  cell.  In  anatomical  char- 
acters the  insect  shows  no  relationship  to  Disholcaspis, 

AndricuB  znezicanuB,  new  species 

Plate  XXIV,  Figures  25  to  27 
Cynips  guatsnialensis  [galls]  Cameron,  1883,  Biol.  Centr.  Amer.,  I,  p.  71,  PI.  iv,  figs. 
7,  7a.      Dalla  Torre,  1893,  Cat.  Hymen.,  II,  p.  70.     Dalla  Torre  and  Kief^ 
PER,  1902,  Gen.  Ins.,  Hymen.,  Cynip.,  p.  60.   Dalla  Torre  and  Kieffer,  1910, 
Das  Tierreich,  XXIV,  p.  446. 
AndricusfMexicana  [galls]  Bassett,  1890,  Trans.  Amer.  Ent.  Soc,  XVII,  p.  78. 
Andricus  mexicanus  [galls]  Dalla  Torre,  1893,  Cat.  Hymen,  II,  p.  91.    Dalla 
Torre  and  Kiefper,  1902,  Gen.  Ins.,  Hymen.,  Cynip.,  p.  66;  1910,  Das  Tier- 
reich, XXIV,  p.  557.    Felt,  1918,  Bull.  N.  Y.  Siate  Mus.,  CC,  p.  115. 
^Andricus  mexicanus  [galls]  Thompson,  1915,  Cat.  Amer.  Ins.  Galls,  pp.  20, 33. 

Female. — ^Almost  wholly  bright  reddish  brown,  generally  pubescent;  areolet 
large;  abdomen  covered  with  fine  striations.  Head:  reddish  brown,  slightly  darker 
toward  the  mouth,  the  tips  of  the  mandibles  dark  brown;  entire  face  with  whitish, 
long,  appressed  hairs;  compound  eyes  and  ocelli  shining  black;  antenna  dark  yellow- 
brown,  the  second  joint  shorter  than  the  first,  the  third  as  long  as  one  and  two  and 
less  than  half  as  stout,  the  fourth  little  shorter  than  the  third,  remaining  joints  si»o- 
cessively  shorter,  the  whole  antenna  pubescent.  Thorax  :  reddish  brown,  irregularly 
and  slightly  darker  on  a  median  line  and  on  the  sides,  finely  and  regularly  shagreened, 
with  a  whitish  pubescence  which  is  densest  on  the  pronotum  and  the  sides,  parapsidal 
grooves  well  defined,  extending  to  the  pronotum,  somewhat  wider  and  converging 
toward  the  scut^llum;  no  traces  of  anterior  parallel  lines  or  of  a  median  groove; 
scutellum  rugose,  the  foveae  shallow,  broad,  and  separated  by  a  very  fine  ridge. 
Abdomen:  bright  reddish  brown,  very  finely  shagreened,  largely  covered  with  fine 
striations  and  pubescent  on  the  sides  at  the  base;  the  second  segment  extending 
dorsally  for  two-thirds  of  the  abdominal  length.    Legs:  quite  uniformly  yellowish 
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brown,  the  tips  of  the  tarsi  and  the  tarsal  claws  dark  brown  and  toothed.  Wings: 
veins  brown,  the  cross-veins,  subcosta,  and  radius  moderately  heavy  and  dark  brown ; 
areolet  large;  cubitus  fine  but  reaching  the  basal  vein;  radial  cell  open,  first  abscissa 
of  the  radius  angulate.    Length:  2.7  mm. 

Gaix. — A  large  mass  (Figs.  25  to  27)  of  wool,  about  hemispherical,  2.0-3.5  mm.  in 
diameter,  lemon-yellow  to  bright  orange-brown;  the  hairs  crystalline,  brittle,  forming 
a  coating  on  the  central  core  almost  10  mm.  thick;  the  core  polythalamous,  of  a 
dense,  crystalline  material,  without  separable  larval  cells.  On  the  midvein,  on  the 
upper  sides  of  leaves  of  an  oak,  Quercus  macrophyUa  Nee?  (Prof.  Jack  det.) . 

Range. — Mexico:  '' mountains  near  Guadalajara"  (Bassett);  Sierra  de  Nayarit, 
Jalisco  (Diquet  Coll.).    Guatemala:  San  Geronimo  (Cameron). 

CoTYPEs. — Four  females  and  nine  galls,  in  the  collection  of  The  American  Mu- 
seum of  Natural  History,  and  in  the  author's  collection.  The  galls  were  collected 
by  Mr.  L.  Diquet  in  1900,  and  deposited  in  the  collection  of  the  American  Museum; 
the  females  were  cut  from  the  galls  in  January  1919,  and  consequently  none  of  the 
insects  are  perfect  specimens. 

The  gall  is  a  splendid  thing  and  must  be  very  attractive  if  at  all 
abundant  in  its  range.  The  recorded  stations  are  over  one  thousand  miles 
apart,  for  apparently  this  is  the  same  species  of  which  Cameron  and 
Bassett  have  described  the  gall,  though  neither  obtained  the  adult.  Bas- 
sett  said  that  the  host  of  his  galls  was  probably  Q,  crasaifolia.  The  insect 
belongs  to  the  Andnais-CallirhytiS'Cynips  group  of  ill-defined  genera. 

AndricuB  pelluddus,  new  species 

Plate  XXIII,  Figures  19  to  21 

INo  name,  gall  only!   Osten-Sacken,  1873,  Hayden  Report  U.  S.  Geol.  and  Geog. 

Surv.,p.567,No.  1. 

Female. — Mostly  bright  chestnut-rufous,  the  posterior  portion  of  the  abdomen 
nifo-piceous;  thorax  with  distinct  parapsidal  grooves,  but  other  lines  essentially 
absent;  wings  with  brownish  patches  in  the  apical  cell,  the  radial  cdl  short,  rounded, 
clear,  cubitus  reaching  the  basal  vein  but  without  any  thickening  at  the  point  of 
union.  Head:  bright  chestnut-rufous,  ocelli  of  the  same  color,  mouth-parts  slightly 
darker,  compound  eyes  black;  head  very  unevenly  rugose,  or  variously  sculptured, 
with  a  few  whitish  hairs;  antenme  14-jointed,  mostly  of  exactly  the  same  color  as  the 
face,  but  somewhat  darker  at  the  tips.  Thorax:  of  the  same  chestnut-rufous  color 
as  the  head  (yellowish  rufous  in  one  specimen),  the  entire  thorax  quite  uniformly 
colored  or  only  slightly  darker  on  the  sides;  mesonotum  punctate,  and  with  some 
other  irregular  sculptiuing,  and  hairy;  parapsidal  grooves  distinct,  convergent  at  the 
8cutellim[i,  continuous  to  the  pronotum;  median  groove  absent,  anterior  parallel 
lines  and  lateral  lines  absent  or  with  only  faint  traces  discernible;  scutellum  small  but 
dongate,  irregularly  rugose,  sparsely  hairy,  with  two  large  and  broad  foveae  at  the 
base  which  are  shining  but  rugose,  only  narrowly  separated;  pronotum  irregularly 
rugose;  mesopleurse  rugoso-striate  with  a  small  area  which  is  almost  smooth.  Ab- 
domen: smooth,  shining,  rufous,  the  posterior  half,  especially  dorsally,  a  rich  rufo- 
piceous,  the  second  segment  with  a  few  scattered  hairs  basally  and  laterally,  and  a 
tuft  of  long  hairs  on  the  tip  of  the  hypopygium;  the  second  segment  tongue-shaped, 
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produced  dorsally  for  three-quarters  the  total  length  of  the  abdomen.  Leqs:  rufous  y 
only  slightly  lighter  than  the  thorax;  tips  of  tarsi  darker,  quite  hairy;  tarsal  claws 
toothed.  Wings:  tinged  with  yellow,  and  covered  with  rather  long  yellow  hairs,  the 
veins  dark  translucent  brown,  the  basal  vein,  distal  half  of  the  subcosta,  and  the 
radial  veins  darkest  and  heaviest;  the  areolet  of  moderate  size  or  moderately  large; 
the  cubitus  reaches  or  almost  reaches  the  cross-vein  (but  without  becoming  brown 
and  heavy  at  the  point  of  union  as  in  Dryophanta  heUa  and  D,  nvbila) ;  apical  branch, 
of  the  subcosta  almost  lacking;  first  abscissa  of  the  radius  angulate,  the  apex  of  the 
angle  being  thickened  and  high  up  on  the  vein,  almost  at  the  point  of  union  with  the 
subcosta ;  second  abscissa  of  the  radius  arcuate,  making  the  radial  cell  broad  and  short ; 
two  or  three  irregular,  rather  indbtinct,  brownish  patches  in  the  apical  cell,  a  trace 
of  one  in  the  discoidal  cell,  and  a  small,  clouded  spot  on  the  discoideus  not  far  from  its 
imion  with  the  basal  vein.   Length:  2.5-3.2  mm. 

Galls. — Globular  (Figs.  19  to  21),  smooth,  dull  or  somewhat  shining,  thin- 
shelled,  yellowish  to  pinkish,  translucent  galls,  monothalamous,  S-15  mm.  in  diameter, 
empty  except  for  a  few,  very  fine,  radiating  fibers  which  hold  the  larval  cell  central  in 
the  gall ;  in  size  the  larval  cell  is  about  2X3  mm .  On  the  under  surfaces  of  leaves  of  a 
species  of  Quercus,  attached  to  a  vein. 

Range. — Colorado:    Colorado  Springs  (Carpenter  Coll.). 

CoTTPEs. — Eight  female  and  eight  gall  cotypes  in  the  collections  of  The  Ameri- 
can Museum  of  Natural  History,  the  Museum  of  Comparative  Zoology,  and  in  the 
author's  collection.  One  of  the  adults  was  bred;  the  others  I  cut  from  the  galls  col- 
lected by  Lieut.  W.  L.  Carpenter,  September  25,  1873. 

The  material  from  which  this  species  is  described  is  that  referred  to 
by  Osten  Sacken  in  Hayden's  report  for  1873,  the  U.  S.  Geological  Survey. 
Most  of  the  adults  had  emerged  from  the  larval  cell  but  were  found  dead 
within  the  outer  wall  of  the  gall. 

The  gall  is  very  pretty,  being  even  thinner  than  the  galls  of  Dryo- 
pharUa  bella,  D.  dugesij  and  D.  rvbrce,  which  it  resembles.  The  insect,  in 
having  spotted  wings,  and  in  other  respects,  is  similar  to  the  adults  of 
those  same  species,  but  is  completely  differentiated  by  the  key  characters 
given  in  the  description.  A.  pellucidus  belongs  to  a  natural  group  con- 
taining the  species  mentioned  above,  Dryophanta  (Disholcaspis)  centri- 
coUlj  et  aLy  and  this  is  one  of  the  groups  which  must  be  separated  from 
other  unrelated  things  now  included  in  the  genus  ^'Dryophanta,"  UntQ 
complete  revision  of  the  cynipid  genera  can  be  made  I  give  this  species 
the  meaningless  name  of  Andrtcus. 

Andricui  peredunu,  new  species 
Plate  XXV,  Figures  28  and  29 
Female. — Head,  thorax,  and  antennse  rufous  and  black,  the  abdomen  reddish; 
thorax  hairy  and  deeply  reticulated;  cubitus  extending  to  the  basal  vein.  Head: 
dark  rufous,  shading  almost  to  black  around  the  ocelli  and  mouth-parts;  compound 
eyes  black;  whole  head  very  rugose,  with  a  covering  of  rather  long  hairs;  antennsB 
14-jointed,  rufous  black,  the  first  two  and  the  last  four  to  six  joints  brighter  rufous 
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these  last  six  joints  being  subequal  in  length.  Thobax:  mesonotum  bright  rufous, 
piceous  between  the  parapsides  in  their  anterior  parts,  and  piceous  on  the  lateral 
grooves,  deeply  rugoso-reticulate,  with  rather  long,  rather  dense  yellowish  hairs; 
parapsidal  grooves  deep,  convergent  at  the  scutelliun,  continuous  to  the  pronotum 
where  they  are  widely  divergent;  anterior  parallel  lines  not  entirely  smooth,  extending 
half  the  way  to  the  scutellum;  median  groove  evident  but  largely  lost  in  the  rugosities 
of  the  mesothorax;  the  lateral  grooves  distinct,  smooth,  and  extending  half  the  length 
of  the  thorax;  scutellum  black,  somewhat  rufous  toward  the  elevated  central  area, 
deeply  rugose,  sparsely  hairy,  with  a  broad  depression  at  the  base  which  is  similarly 
rugose,  not  defining  entirely  separate  fovese;  pronotiun  and  mesopleursB  rufous, 
shaUowly  punctate,  covered  with  dense,  closely  appressed,  long  hairs.  Abdomen: 
rich  rufous-brown,  slightly  darker  in  places  dorsally  and  toward  the  sides  of  the  more 
posterior  segments;  hairy  on  the  sides  of  all  the  dorsal  plates,  the  hairs  longest  on  the 
edges  of  the  posterior  segments.  Legs:  bright  rufous,  the  tibi»  very  sUghtly  darker 
except  the  hind  tibiae  which  are  piceous  or  black;  coxae  rufous;  claws  toothed. 
Win  OS :  very  clear,  only  microscopically  pubescent;  veins  brown,  the  areolet  rather 
large,  the  cubitus  not  heavy  but  extending  to  the  basal  vein,  the  radial  cell  open,  the 
first  abscissa  of  the  radius  angulate,  almost  forming  a  right  angle.  Length: 
3.5-4.2  mm. 

Gall. — ^A  large,  dark  brown,  irregular,  woody  mass  (Figs.  28  and  29)  surrounding  a 
small  twig.  Polythalamous,  often  containing  fifty  or  more  larval  cells.  The  whole  is 
formed  of  very  many  distinct  but  thoroughly  fused  nyisses,  forming  a  rather  spherical 
gall  8  mm.  more  or  less  in  diameter;  the  surface  is  very  rough,  completely  cracked  as 
though  it  were  burnt  leather,  the  raised  portions  polygonal,  averaging  2  mm.  in  diam- 
eter, dark,  blackish  brown,  the  separating  lines  being  much  Ughter  or  yellowish. 
Internally  the  gall  is  composed  of  a  dense,  somewhat  granular  tissue  which  becomes 
more  compact-woody  close  to  the  margin  and  immediately  around  the  larval  ceUs. 
The  gall  is  quite  too  hard  to  cut  through  with  a  knife.  The  larvel  cells  are  about  3 
mm.  in  diameter,  but  elongate,  and  are  closely  surrounded  by  the  woody  tissue;  they 
are  scattered  quite  irregularly  throughout  the  gall.  Surroimding  the  young  twigs  of 
Quercussp. 

Range. — Mexico:  San  Luis,  Potosi  (Palmer  CoU.). 

CoTTPES. — ^Ten  female  and  three  gall  cotypes,  in  The  American  Museum  of 
Natural  History,  the  Museimi  of  Comparative  Zoology,  and  in  the  author's  collec- 
tions. The  galls  were  collected  in  September  1878  by  Dr.  Edward  Palmer;  some  of 
the  adults  emerged  from  the  galls  and  others  were  recently  cut  out. 

Dr.  Hagen,  who  received  these  galls  from  Dr.  Pabner,  noted  that 
pupse  and  adults  were  alive  in  them  in  October  1879  and  also  in  December 
1879,  i.  e.;  almost  a  year  and  a  half  after  the  galls  had  been  collected.  It 
is  likely  that  it  is  two  or  three  years  after  the  egg  is  laid  before  the  insect 
reaches  maturity.  The  tissue  of  the  gall  is  about  as  hard  as  that  of  any 
gall  I  have  examined.  The  species  belongs  to  a  group  including  several 
Mexican  species  which  produce  similar  woody  galls,  and  a  key  to  separate 
these  insects  was  included  in  the  discussion  of  A.  fumaceus,  new  species. 
The  adult  of  this  species  shows  some  little  variation  in  the  shades  of  the 
colors. 
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AndiicuB  tectumarum,  new  species 
Plate  XXV,  Figures  30  to  33 

Female. — Mostly  bright  rufous,  the  tips  of  the  antennse  and  the  posterior  edge 
of  the  abdomen  darker;  hairy;  foveae  at  the  base  of  the  scutellum  distinct,  deep, 
smooth.  Head:  deep  rufous,  the  mouth-parts  only  slightly  darker;  finely  coriaceous, 
and  hairy;  antennae  IS-jointed  (leas  often  14-jointed),  rufous,  hairy,  the  last  one  or 
two  joints  dark  brownish.  Thorax  :  entirely  bright  rufous,  coriaceous,  hairy;  parap- 
sidal  grooves  distinct,  not  very  convergent  at  the  scutellum,  extending  to  the  prono- 
tum;  anterior  parallel  lines  rather  smooth  but  not  very  distinct,  extending  half-way 
to  the  scutellum;  median  groove  practically  lacking  but  with  a  trace  of  a  slightly 
differently  colored  median  line;  lateral  lines  distinct,  rather  broad,  smooth,  extending 
well  forward;  scutellum  rugose,  hairy,  with  the  two  foveae  at  the  base  deep,  smooth, 
divergent,  almost  at  right  angles,  separated  by  only  a  narrow  ridge;  pronotum  finelj^ 
rugoso-punctate;  mesopleune  shining  but  very  finely  aciculate.  Abdomen:  shining 
rufous,  darker  posteriorly  and  dorsally,  with  a  few  hairs  at  the  sides  of  the  second  seg- 
ment and  on  the  hypopygium ;  the  second  segment  somewhat  tongue-shaped,  produced 
dorsally  to  cover  two-thirds  of  the  abdomen.  Legs:  rufoiis,  hairy,  only  the  very  tips 
of  the  tarsi  dark;  tarsal  claws  toothed.  Wings:  veins  brown,  the  second  abscissa  of 
the  radius  and  the  cubitus  finer  and  lighter,  with  something  of  a  cloud  on  the  first 
abscissa  of  the  radius;  areolet  not  large;  cubitus  ngt  quite  reaching  the  basal  vein; 
radial  area  open ;  first  abscissa  of  the  radius  angulate.  Length:  2  mm.  or  slightly 
ess. 

Galls. — Buflf  or  reddish  brown,  woolly  masses  (Figs.  30  to  33)  containing  scores 
'  of  closely  clustered,  hollow,  urn-shaped  galls.  Each  gall  is  monothalamous,  about 
10  mm.  long  by  3  mm.  in  diameter,  consisting  of  a  tube,  which  is  rather  conical,  but 
compressed  by  contact  with  the  other  galls,  thin-walled,  crystalline,  the  upper  half 
hollow  and  open  at  the  end,  a  partition  separating  this  space  from  a  cavity  which 
occupies  the  lower  half  of  the  gall  and  in  which  the  larva  lives.  Each  gall  bears  straw- 
colored  to  buff  or  reddish  brown,  crystalline  hairs  which  are  most  dense  near  the  sum- 
mit, and  which  make  of  the  cluster  a  single,  oval  mass  often  35  X  25  mm.  in  size. 
The  galls  are  all  attached  to  the  midribs,  on  the  under  surfaces  of  leaves  of  a  species 
of  Qxiercus. 

Range. — Mexico:  San  Luis,  Potosi  (Palmer  Coll.). 

CoTYPEs. — Eight  female  cotypes  and  three  clusters  of  galls,  in  the  collections  of 
The  Amfericai^  Museum  of  Natural  History,  the  Museum  of  Comparative  Zoology, 
and  in  the  author's  collection.  The  galls  were  collected  in  September  1878  by  Dr. 
Edward  Palmer;  some  of  the  cotype  adults  were  bred  then  from  the  galls,  and  others 
I  cut  out  of  the  galls. 

The  individual  galls  are  not  unlike  those  of  Andricus  crystallinus  or 
CaUirhylis  tvbicida  in  structure,  but  they  are  entirely  different  in  details 
of  form  and  in  being  clustered  in  the  large,  woolly  masses. 

Diflholcaspis  fungiformis,  new  species 

Plate  XXVI,  Figures  37  to  39 

Female. — AntennaB  13-jointed,  head  and  thorax  bright  reddish  brown,  black  on 

the  area  between  the  anterior  parallel  lines,  on  the  lateral  lines,  and  in  the  foveal 

groove  of  the  scutellum;  abdomen  dark  rufous-brown.    Head:  bright  reddish  brown, 
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dark  brown  at  the  base  of  the  antenn£e  and  on  the  mouth-parts,  coriaceous  or  finely 
rugose,  the  cheeks  and  the  lower  half  of  the  face  rather  densely  hairy;  antenna*  13- 
iqinted,  hairy,  brown,  darker  than  the  rest  of  the  head,  the  first  two  joints  stout  and 
somewhat  brighter  in  color.  Thorax:  entirely  bright  reddish  brown  except  for  a 
decidedly  black  area  between  the  anterior  parallel  lines,  around  the  lateral  lines,  and 
in  the  foveal  groove  at  the  base  of  the  scutellum;  mesothorax  regularly  punctate, 
at  the  sides  rugose,  covered  with  long,  whitish  hairs;  parapsidal  grooves  deep  and 
smooth  at  the  scutellum,  extending  less  than  half  the  length  of  the  mesothorax; 
median  groove  lacking;  anterior  parallel  lines  rather  smooth  and  distinct,  extending 
half-way  to  the  scutellum;  lateral  lines  broad,  smooth,  sinuous,  extending  beyond  the 
middle  of  the  thorax;  scuteUum  cushion-shaped,  rugoso-punctate,  hairy,  the  foveal 
groove  at  the  base  weU-defined,  moderately  deep,  rugose,  with  a  slight  indication  of  a 
sepmration  into  fovese;  pronotum  and  mesopleuwe  darker  in  color.  Abdomen:  rich, 
dark  rufous-  brown  or  reddish  piceous,  lighter  at  the  base,  shining,  smooth  except  for  a 
few,  indistinct,  irregular  stris  at  the  posterior  edges  of  the  segments;  patches  of  hair  s 
at  the  base  of  the  second  segment  at  the  sides,  and  a  tuft  on  the  tip  of  the  hypopygium. 
Legs:  of  the  same  color  as  the  thorax,  uniform  in  color,  hairy;  the  tarsal  claws 
toothed.  WiNQs:  long,  clear,  the  wing-veins  yellowish  brown,  second  cross- vein  the 
heaviest,  a  slight  clouding  at  the  base  of  the  first  abscissa  of  the  radius;  areolet  large, 
cubitus  extending  only  a  little  more  than  half-way  from  the  areolet  to  the  basal  vein; 
radial  cell  open;  first  abscissa  of  the  radius  angulate.    Length:  3  mm.  or  less. 

Galls. — A  very  curious  cluster  (Figs.  37  to  39)  of  brownish,  mushroom-shaped, 
twig  galls.  Each  gall  is  small,  composed  of  three  distinct  parts:  a  solid  top  which  is  a 
broad,  flattened  cone  7-10  mm.  in  diameter  but  barely  4  nam.  in  height,  the  upper 
surface  irregularly  pitted,  buff-brown,  with  the  apex  dark  brown;  a  small,  solid  stem 
not  2  mm.  in  diameter  and  2  or  3  mm.  long  connecting  this  cap  with  the  base  which 
contains  the  larval  cell;  a  base  which  is  a  broad,  inverted  cone,  the  apex  being  the 
point  of  attachment  on  the  twig,  with  an  irregular,  flaring,  thin,  leaf-like  cup  extending 
from  this  base  up  and  around  the  cap  of  the  gall,  resembling  an  enormously  developed 
cup  at  the  base  of  a  mushroom.  Each  gall  is  monothalamous,  the  larval  cell  occupy- 
ing most  of  the  basal  part  of  the  gall,  the  cell  distinct  from  but  tightly  enclosed  in  the 
surrounding  tissue.    On  the  twigs  of  a  variety  of  Quercus  virginiana. 

Range. — Texas:  Tiger  Mills,  Burnett  Co.  (Schaupp);  San  Carlos  (in  Coll. 
Gray  Herb.). 

CoTTPEs. — Two  females  and  several  clusters  containing  over  fifty  gall  cotypes, 
in  the  collection  of  the  Museum  of  Comparative  Zoology  and  in  the  author's  collection, 
and  gall  cotypes  in  The  American  Museum  of  Natural  History.  I  cut  the  adults  from 
the  galls  which  were  collected  by  F.  G.  Schaupp  in  1885. 

The  gall  is  the  most  curiously  complicated  structure  I  have  seen 
among  cynipid  productions.  It  is  possible  that  it  is  of  quite  a  different 
form  when  young  and  fresh.  I  find  additional  specimens  of  these  galls  on 
oak  material  in  the  coDectiona  of  the  Gray  Herbarium  of  Harvard  Uni- 
versity. This  material  was  collected  in  November  1831  and  is  from  San 
Carlos,  Texas,  which  is  over  four  hundred  miles  from  the  locality  of  the 
type  material. 
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The  general  shape  of  this  gall  is  very  different  from  that  of  most  of 
the  species  of  DishokaspiSy  but  the  location  and  character  of  the  larval 
cell  is  typical  for  that  genus.    The  insect  is  a  true  DishoUaspis. 

Beside  the  two  cotype  adults  from  normal  galls,  I  cut  from  a  very 
small  cotype  gall  a  female  which  is  in  all  respects  like  the  cotypes  but 
that  it  is  generally  darker  and  is  very  remarkably  smaller  in  size,  being 
only  1.7  nmi.  in  length;  I  do  not  recall  that  I  have  ever  before  found  an 
individual  of  the  gall-wasps  varying  so  from  the  average  of  length  for  the 
species. 

Practically  every  one  of  the  galls  I  have  seen  had  large  exit  holes, 
indicating  that  a  large  number  of  the  wasps  had  reached  maturity  and 
had  emerged. 

DisholcaspiB  plumbella,  new  species 
Plate  XXVI,  Figures  34  to  36 

Female. — Almost  entirely  bright  reddish  brown;  antennse  14-iointed;  parap- 
sidal  grooves  indistinct;  anterior  parallel  lines  close  together;  lateral  lines  prominent; 
second  segment  of  the  abdomen  tongue-shaped.  Head:  light  reddish  brown,  small 
spots  near  the  ocelli  and  the  tips  of  the  mandibles  dark  brown;  very  finely  granular- 
rugose,  hairy;  antennse  14-jointed,  joints  one  and  two  stout,  third  joint  long  and 
slender,  whole  antenna  quite  uniformly  reddish  brown,  pubescent.  Thorax:  bright 
reddish  brown,  only  very  slightly  darker  on  the  parallel  lines  and  the  lateral  lines; 
mesothorax  much  elevated  and  rounded,  as  broad  as  long,  finely  coriaceous,  covered 
with  rather  long,  yellowish  hairs  which  are  shortest  and  less  dense  on  the  midline; 
parapsidal  grooves  not  very  distinct,  extending  half-way  to  the  pronotiun;  median 
groove  mostly  absent;  anterior  parallel  lines  prominent  but  not  smooth,  unusually 
close  together,  extending  more  than  half-way  to  the  scutellum  and  diverging  slightly 
posteriorly;  lateral  lines  prominent,  free  of  hairs,  not  smooth,  extending  from  the 
scutellum  half-way  to  the  pronotum;  scutellum  finely  rugose,  hairy,  with  two  large 
fovese  at  the  base,  shining,  but  somewhat  rugose.  Abdomen:  rufous,  darker  pos- 
teriorly, shining  but  finely  pimctate,  the  sides  entirely  covered  with  rather  long  hairs, 
the  second  segment  tongue-shaped,  i.  e.,  produced  dorsally.  Legs:  coxse  of  the  same 
color  as  the  thorax.   Wings:  clear,  the  veins  yellowish  brown.   Length:  about  3  mm. 

Galls. — Small,  brown,  bullet-galls  (Figs.  34  to  36),  bearing  a  sharp,  projecting 
point  at  the  apex.  Monothalamous.  Entirely  spherical,  9  mm.  or  less  in  diameter, 
yellowish  or  reddish  brown,  the  surface  of  the  dried  galls  shrivelled  but  essentiaUy 
smooth,  bearing  a  sharp  point  at  the  apex  which  is  about  1.5  mm.  long.  Internally 
the  gall  is  filled  with  a  loosely  granular,  yellow  tissue;  the  larval  cell  is  hardly  distinct 
from  this  surroimding  tissue.    On  twigs  of  Quercus  dumosa. 

Range. — California:  San  Diego  County  (D.  Cleveland  Coll.). 

Cotypes. — A  female  holotype  and  three  gall  cotjrpes  in  the  collection  of  the  Mu- 
seum of  Comparative  Zoology  and  in  the  author's  collection.  The  galls  were  collected 
in  October  1875.  The  adult  which  I  cut  from  one  of  these  cotype  galls  is  broken  and 
imperfect. 
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The  galls  were  sent  to  the  Baron  Osten  Sacken  by  D.  Cleveland. 
They  are  typical  of  galls  of  the  genus  Disholcaspis  except  that  the  larval 
ceU  is  hardly  distinct  from  the  surrounding  tissue;  and  the  adult  is  like- 
wise a  true  DisholcaspiSy  although  the  shape  of  the  second  segment  of  the 
abdomen  is  similar  to  that  found  in  the  species  included  in  Dryophanta. 

IMsholcaspig  pruniformifl,  new  species 
Plate  XXVII,  Figures  44  and  45 

Female. — Generally  light  reddish  brown,  black  between  the  anterior  parallel 
lines,  on  the  lateral  grooves,  and  on  the  transverse  groove  at  the  base  of  the  scutellum ; 
antenme  13-jointed;  areolet  moderately  large.  Head:  bright  reddish  brown,  darker 
between  the  bases  of  the  antennse  and  toward  the  mouth-parts,  slightly  and  finely 
rugose,  with  long  hairs  which  are  much  less  dense  on  the  front.  Antennae  darker 
brown,  13-jointed,  pubescent.  Thorax:  mesonotimi  bright  reddish  brown,  black  on 
and  between  the  anterior  parallel  lines  and  on  and  about  the  lateral  grooves,  dark 
brown  in  the  parapsidal  grooves;  regularly  punctate  and  dense  with  a  long  pubescence; 
parapeidal  grooves  wide,  deep,  and  convergent  at  the  scutelliun,  narrowing  and  dis- 
appearing half-way  to  the  pronotimi;  anterior  parallel*lines  smooth  and  extending 
half-way  to  the  scutellum;  lateral  lines  broad,  smooth,  and  extending  a  little  more 
than  half  the  length  of  the  mesothorax;  scutellum  rufous  brown,  rugose,  with  a  long 
pubescence,  the  transverse  groove  at  the  base  broad,  quite  deep,  black,  rugose;  meta- 
fdeurse  densely  pubescent;  pronotum  and  mesopleune  reddish  brown,  punctate,  with 
a  long  pubescence,  the  pronotum  black  anteriorly.  Abdomen:  yellowish  to  reddish 
to  dark  brown,  lightest  laterally,  the  entire  second  segment,  the  seventh  segment, 
and  the  tip  of  the  hypopygium  hairy;  the  abdomen  is  large,  but  the  second  segment  is 
very  small  convering  only  about  one-third  of  the  abdomen;  segments  three  to  seven 
are  broadly  visible  and  subequal.  Legs:  reddish  brown,  including  the  coxse,  part  of 
each  femur  and  the  whole  of  each  tibia  darker  brown;  pimctate,  pubescent;  claws 
with  a  large  tooth  at  the  base.  Wings:  clear,  microscopically  but  densely  pubescent, 
the  veins  dark  brown,  the  subcosta  and  cross-veins  darkest  in  color;  areolet  rather 
large,  cubitus  extending  only  two-thirds  of  the  distance  to  the  basal  vein;  the  radial 
cdl  broad  and  widely  open,  the  first  abscissa  of  the  radius  somewhat  suffused  with 
brown  and  angulate,  the  angle  about  120**  and  with  its  apex  above  the  midpoint  of 
the  vein.    Length:  3.5-4.0  nmi. 

Galls. — ^About  the  si«e  and  shape  of  a  small  plum  (Figs.  44  and  45),  yellow  to 
reddish  brown.  Monothalamous.  Somewhat  elongate,  broadest  nearer  the  apex, 
more  pointed  toward  the  base,  about  2.8X2.1  cm.,  light  yellowish  brown,  broadly 
tinged  with  reddish  brown,  most  likely  entirely  smooth  while  alive,  but  the  thin 
skin  becoming  slightly  rough  by  shrivelling  on  drjring.  Internally  filled  with  a  com- 
pact, not  solid  mass  of  yellowish,  crystalline,  sawdust-like  material,  only  slightly 
approaching  a  woody  fiber  structure  aroimd  the  larval  cell  which  is  central  in  the  gall, 
thick-fihelled,  and  closely  imbedded  (at  least  in  the  dried  gall)  in  the  surroimding 
tissue.    Attached  on  the  side  of  the  young  twig,  at  the  one-year  node,  on  ^'post-oak.'' 

Range. — ^Texas:  Tiger  Mills,  Burnett  Co.  (Schaupp  Coll.). 

CoTTPES. — Three  female  and  two  gall  cot3rpes  in  the  collection  of  the  Museum 
of  Comparative  Zoology,  and  in  the  author's  collection.  Number  42  of  the  Schaupp 
Collection  made  in  1884. 
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The  galLs,  though  bearing  separate  numbers,  had  been  placed  to- 
gether with  galls  of  Amphibdips  gainesi,  and  the  galls  of  the  species  are 
superficially  similar,  but  the  gall  of  D,  pruniformis  differs  in  not  being 
perfectly  round  and  in  being  colored  yellowish  and  reddish  brown.  The 
adults  are  typical  of  the  species  of  Disholcdspis.  They  agree  closely  with 
the  description  of  D,  heynei  Kieffer  which  was  described  (1910,  Boll. 
Lab.  Zoo.  Gen.  e  Agr.  Portici,  IV,  p.  113)  from  the  adult  only.  They 
are  to  be  distinguished  from  that  species  by  their  smaller  size,  by  being 
bright  reddish  brown  in  color  {heynei  is  described  as  rufous  with  the  ab- 
domen blackish  brown),  by  showing  a  broad  transverse  groove  at  the  base 
of  the  scutellum  (this  is  narrow  and  indistinct  in  heynei),  by  having 
toothed  claws  (heynei  was  described  as  having  "crochets  simples"),  and 
by  details  of  thoracic  configuration  and  wing  venation.  D.  pruniformis 
has  a  smaller  second  abdominal  segment  than  most  species  in  the  genus. 

Diflholcaspis  imicolor,  new  species 
Plate  XXVII,  Figures  40  to  43 

Female. — Wholly  golden  rufous,  without  any  black  markings  on  the  thorax  or 
abdomen;  median  groove  lacking;  anterior  parallel  lines  indistinct;  a  distinct  fovea! 
depression  at  the  base  of  the  scutellum;  cubitus  not  reaching  the  basal  vein  but 
extending  seven-eighths  of  the  way  to  it.  Head:  bright  golden-rufous,  the  tips  of 
the  mandibles  piceous,  rugoso-punctate,  hairy,  irregularly  striate  toward  the  mouth; 
antennie  hairy,  golden  rufous,  shading  into  a  brown  on  the  last  joints.  Thorax: 
entirely  golden  rufous  (without  the  black  markings  characteristic  of  D.  cinerosa)^ 
punctate,  covered  with  rather  long,  appressed  hairs;  parapsidal  grooves  deep,  smooth, 
broad  and  convergent  at  the  scutellum,  becoming  narrow  and  disappearing  on  the 
middle  of  the  thorax;  median  groove  entirely  lacking;  lateral  grooves  distinct, 
smooth,  almost  parallel  with  and  as  long  as  the  parapsidal  grooves;  anterior  parallel 
lines  almast  as  punctate  as  the  rest  of  the  thorax  and  therefore  not  visible  in  most 
lights;  scutellum  large,  rugose,  hairy,  with  the  deep  foveal  depression  at  the  base  less 
rugose  and  hairy  than  the  rest  of  the  scutellum  and  therefore  distinct;  pronotum 
punctate,  very  hairy,  the  hairs  long;  mesopleurse  less  closely  punctate  than  the  rest 
of  the  thorax,  hairy;  metapleurse  largely  golden  rufous  (not  dark  rufous  or  piceous  as 
in  D.  cinerosa).  Abdomen:  large,  uniformly  golden  rufous,  the  sides  of  the  second 
segment,  and  the  tip  of  the  hypopygium  hairy.  Legs:  entirely  golden  rufous,  hairy, 
the  tips  of  the  tarsi,  especially  of  the  hind  tarsi,  darker  or  brown ;  tarsal  claws  toothed. 
Wings:  with  the  microscopic  hairs  brown,  the  veins  brown,  the  cross-veins  heaviest; 
areolet  large,  almost  a  right-angled  triangle;  the  cubitus  not  reaching  the  basal 
vein  but  extending  seven-eighths  of  the  way  toward  it ;  radial  cell  open ;  first  abscissa 
of  the  radius  angulate.    Length:  4.2  mm. 

Galls. — Large,  globular  buUet-gaUs  (Figs.  40  to  43)  with  a  nipple  at  the  apex; 
rough,  with  a  mealy  covering  when  younger.  Monothalamous.  21  mm.  or  leas  in 
diameter.  Buflf-brown  in  color  when  young,  dark  gray  or  black  when  old.  Internally 
quite  filled  with  a  solid,  woody  tissue,  the  thick-shelled,  egg-shaped  larval  cell  sep- 
arable but  tightly  enclosed  in  the  younger  gall,  lying  loose  in  a  good-sized  cavity  in 
the  mature  gall.    On  the  twigs  of  a  species  of  Quercus^  singly,  or  several  near  together. 
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Range. — Mexico:  Saltillo  Mts.  (Palmer  Coll.). 

Types. — A  female  holotype  in  the  Museum  of  Comparative  Zoology,  and  21  gall 
cotypes,  in  the  collections  of  the  Museum  of  Comparative  Zoology,  The  American 
Museum  of  Natural  History,  and  in  the  author's  collection.  The  galls  were  collected 
in  August  1879  by  Dr.  Edward  Palmer;  I  cut  the  female  from  the  galls. 

Except  for  its  more  woody  tissue  internally,  the  gall  of  this  species 
seems  quite  identical  with  the  gall  of  Disholcaspis  dnerosa  (Bassett, 
1881,  Can.  Ent.,  XIII,  p.  110),  which  is  known  from  Texas  only.  The 
adult,  though  very  closely  related  to  dnerosa^  is  really  very  distinct  and 
readily  distinguished  from  that  species  by  the  key  characters  I  have  given 
at  the  banning  of  the  description  of  this  species.  I  have  examined  a 
large  series  of  adults  of  dnerosa  and  do  not  find  that  it  varies  toward 
unicx)lar. 
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Plate  XX 
Fig.  1  Andriciis  piinctatus,  normal  gall^  XI. 

Fig.  2.  Andricus  punctaittSf  parasitized  gall,  X 1. 

Figs.  3  to  5.    Aulacidea  annulata,  new  species,  XI. 
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Plate  XXI 
Figs.  6  and  7.         Aulaeidea  abdilaf  new  ajiecies,  X2. 
Figs.  8  and  9.         Neuroierus  tkompsoniy  new  species,  X4. 
Figs.  10  and  11.     IHaatrophua  tumefcuiuSf  new  species,  X2. 
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Plate  XXII 
Figs.  12  and  13.     Andricus  concoloraiiSy  new  species,  X3. 
Figs.  14  to  16.       Andrinis  furnace  us  y  new  species,  XI. 
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Plate  XXllI 
Figs.  17  and  18.     Andricius  imx)niplus,  new  species,  X2. 
Figs.  19  to  21.        Andricius  yelUicidim^  new  species,  X3. 
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Plate  XXIV 
Figs.  22  to  24.     Andricus  marmareua,  new  species,  X2. 
Figs.  25  to  27.     Andricus  mexicanus,  new  species,  X2. 
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Plate  XXV 
28  and  29.     Andricm  peredunta,  new  species,  XI. 
Figs.  30  and  31.     Andricus  tectvmarum^  new  species,  X2. 
Fi^s.  32  and  33.     Andricus  tectumarum,  new  species,  X4. 
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Plate  XXVJ 
Figs.  34  to  36.       Diaholcaspis  plumbellay  new  species,  X2. 
Pig.  37.  Disholcaspis  fungiformiSf  new  species,  X2. 

Figs.  38  and  39.     Disholcaspis  fungiformiHf  new  species,  X4. 
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Plate  XXVII 
Figs.  40  to  43.       Disholcaa-pis  unicolor^  new  species,  X2. 
Figs.  44  and  45.     Disholcaajna  pruniformiSf  new  species,  X2. 
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INTRODUCTION 
It  is  generally  known  that  the  peculiar  biological  phenomena  of  gall 
production,  agamic  reproduction,  and  heterogeny  occur  among  the  Cyni- 
pidae  (Hymenoptera) ;  and  a  study  of  the  life  histories  of  a  larger  number 
of  the  species  may  reveal  still  other  peculiar  biological  characters  or  will 
certainly  show  modifications  of  phenomena  as  they  are  known  today 
which  will  furnish  especially  interesting  information.  The  amount  of 
work  involved  in  solving  these  life  histories  is  rather  considerable,  and  to 
study  any  number  of  the  five  hundred  or  more  American  species  of  gall- 
wasps  will  call  for  the  help  of  many  students.  It  is  to  furnish  a  ready 
equipment  to  those  who  care  to  undertake  such  work,  as  well  as  to  make 
available  for  general  use  a  body  of  data,  that  I  shall  gather  in  this  and 
subsequent  papers  the  available  facts  concerning  the  species  of  which  the 
life  histories  are  known.  Some  of  these  have  not  previously  been  known . 
The  accounts  of  the  life  histories  of  most  of  the  others  bring  together  for 
the  first  time  information  that  has  been  scattered  through  a  wide  range 
of  literature,  much  of  which  has  not  been  available  to  the  general  student. 
It  is  my  aim  to  supply  complete  bibhographies,  redescriptions  of  adults 
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and  galls,  detailed  records  of  distribution,  etc.,  and  all  the  biological 
data  available  for  each  species. 

The  nomenclature  adopted  needs  a  word  of  explanation.  Because 
of  the  poor  distinction  of  several  of  the  genera  of  the  oak  gall  makers,  it 
seems  unwise  to  employ  the  generic  titles  Cynips,  Callirhytis,  Philonix, 
etc.,  until  a  careful  revision  of  the  genera  of  the  fandily  has  been  made. 
For  that  reason,  I  have  used  the  name  Andricus,  the  most  meaningless  of 
all  these  titles,  with  a  number  of  the  forms. 

To  distinguish  the  alternate  generations  of  a  species,  I  have  had  to 
adopt  a  new  form  of  naming.  It  is  highly  unreasonable  to  continue  to 
use  the  names  given  independently  to  each  generation  before  the  con- 
nections of  the  two  forms  were  understood.  It  is  very  inconvenient  to 
use  a  single  binomial  to  cover  the  species  and  to  designate  the  generation 
referred  to  by  some  phrase  such  as  "agamic  generation,"  etc.  These  are 
the  methods  at  present  in  use  in  Europe  in  naming  these  insects.  I  have 
adopted  trinomials.  Trinomials  have  been  used  previously  to  distinguish 
the  forms  of  species  showing  a  seasonal  dimorphism;  and,  as  I  am  show- 
ing elsewhere,  alternation  of  generations  among  the  Cynipidse  is  merely 
seasonal  dimorphism  developed  toan  extreme  degree  in  certain  instances. 
So  we  seem  warranted  in  adopting  the  sort  of  nomenclature  employed  in 
other  cases  of  seasonal  dimorphism.  Such  a  system  has  the  important 
advantages  of  retaining  the  well-known  names  for  each  form  of  the  insect, 
but  the  name  is  combined  in  a  way  to  indicate  the  complete  specific  re- 
lationships. 

I  am  indebted  to  many  persons  who  have  helped  me  in  this  work. 
Dr.  Frank  Lutz  of  The  American  Museiun  of  Natural  History,  Charles 
W.  Johnson  of  the  Boston  Society  of  Natural  History,  and  Nathan  Banks 
of  the  Museum  of  Comparative  Zoology  have  been  liberal  in  allowing  me 
to  examine  cynipid  material  in  the  collections  of  which  they  are  in  charge. 
Dr.  William  M.  Wheeler,  Professor  Charles  T.  Brues,  and  Professor 
Irving  W.  Bailey,  of  the  Bussey  Institution  of  Harvard  Un  iversity,  have 
constantly  encouraged  my  work,  and  to  them  I  am  especially  indebted. 
To  Professor  Brues  I  am  further  indebted  for  the  remarkable  plates  with 
which  this  paper  is  illustrated  and  which  are  very  important  aids  in 
showing  the  characters  of  the  alternate  generations. 

METHODS 

For  those  who  will  pursue  further  the  study  of  life  histories  of  Cyni- 
pidsB,  much  time  may  be  saved  by  a  description  of  the  methods  I  have 
found  to  be  the  most  satisfactory  for  this  work.  My  methods  have  been 
similar  to  those  used  by  Adler  but  involve  some  modifications. 
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Galls  are  best  collected  not  too  long  before  they  reach  maturity. 
Only  experience  with  each  species,  involving  continued  observation  of 
specimens  of  the  galls,  and  obtaining  of  such  information  as  may  be 
supplied  by  the  size  of  the  gall,  the  degree  of  development  shown  by  the 
insect  within  the  gall,  etc.,  can  supply  information  of  the  approach  of 
the  emergence  date  for  a  particular  species.  Most  of  the  solid,  hard, 
woody,  or  drynshelled  galls  may  be  kept  successfully  for  many  months, 
but  the  adults  of  soft,  spongy,  or  hollow,  succulent  galls  cannot  be  raised 
if  the  galls  are  gathered  more  than  a  week  or  even  a  few  days  before  the 
insects  are  due  to  emerge. 

SuflScient  care  is  not  usually  exercised  to  keep  separate  the  several 
species  collected  at  any  one  time.  Confusion  as  to  the  species  of  the 
host  plant  from  which  the  gall  was  obtained  and  the  hopeless  confusion 
of  any  adults  that  may  emerge  from  the  galls  before  they  are  finally 
sorted  are  the  res\ilts  of  putting  galls  of  several  species  into  a  single 
receptacle.  A  large  part  of  musevun  material  is  rendered  worthless  by 
such  methods  of  collecting.  Paper  b^igs  of  several  sizes  are  readily  avail- 
able means  of  separating  the  galls  in  the  field  but,  if  extensive  collecting 
is  to  be  undertaken,  it  is  preferable  to  make  cloth  bags,  which  are  much 
stronger,  take  up  less  room,  and  may  be  more  securely  tied  at  the  top 
than  paper  bags. 

Undoubtedly  the  most  satisfactory  means  of  rearing  the  adult  wasps 
is  to  place  the  galls  on  an  inch  or  more  of  moist  sand  in  a  low  glass  jar  at 
least  four  or  five  inches  in  diameter.  The  moisture  thus  supplied  keeps 
the  galls  from  drying  out  and  dying;  but  the  galls  should  not  be  piled 
in  too  deeply  or  those  on  top  will  not  mature  and  those  on  the  bottom  will 
rot.  The  glass  may  be  covered  with  cloth  fastened  on  by  an  elastic  band 
(which  does  not  wear  out-of-doors),  or  tied  with  twine  (which  is  less 
convenient  if  it  is  desirable  to  open  the  jars  a  number  of  times).  The 
jars  must  be  broad  and  low,  and  should  be  kept  out-of-doors,  under  some 
shelter  but  where  the  normal  temperature  and  an  abundance  of  air  and 
wind  will  prevent  mold  from  developing.  Indoors,  mold  is  almost  certain 
to  prove  a  problem.  The  use  of  earthern  flower  pots  prevents  too  much 
moisture  accumulating  in  the  sand,  and  such  receptacles  for  that  reason 
are  preferable  to  glass  jars,  but  in  the  pots  the  emergence  of  the  insects  is 
not  so  easily  observed.  Galls  that  are  to  be  kept  over  winter  or  for  a 
.long  time  before  the  insect  matures  may  be  kept  in  earthen  pots  until 
the  approach  of  the  dat<3  of  emergence. 

The  growth  of  the  galls  under  controlled  conditions  should  be 
effected  on  plants  growing  in  cultivation  and  kept  from  possible  attack 
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by  wasps  from  other  than  the  bred  material,  either  by  distance  from  anj' 
other  plants  of  the  sort  (the  Cynipidse  abnost  never  fly  and  most  likely 
never  travel  more  than  a  very  short  distance),  or  by  a  shelter  or  covering. 
It  is  not  desirable  to  have  the  plants  indoors,  for  they  do  not  develop 
at  normal  rates  under  these  abnormal  conditions  and  the  insects  wiU  not 
attack  the  plants  unless  they  are  at  the  proper  state  of  development. 
Wild  roses  and  blackberries  are  easily  transplanted,  but  it  is  profitable 
to  secure  nursery-grown  oaks  of  several  species,  four  or  five  years  old, 
for  the  work.  These  should  be  growing  thriftily  before  experiments  are 
started,  or  else  galls  will  probably  not  be  obtained.  To  wait  a  year  or  so 
after  the  trees  are  transplanted  is  one  of  the  almost  necessary  problems 
presented  by  the  work. 

If  the  alternate  generation  of  a  species  which  is  being  studied  is  to 
lay  its  eggs  in  the  flowers  or  acorns  of  the  oak,  recourse  must  be  had  to 
older  trees  growing  in  the  open,  such  additional  precautions  then  being 
taken  as  will  insure  as  far  as  possible  the  inununity  of  the  part  of  the 
tree  used  from  attack  by  any  other  gall-wasps  than  those  under  observa- 
tion. Some  species  will  oviposit  in  the  roots  of  trees.  These  will  be 
detected  instantly,  for  they  are  positively  geotropic  and  will  start 
inmiediately  to  climb  down  the  tree.  These  forms,  while  in  the  breeding 
jars,  should  be  placed  at  the  bases  of  trees  having  Uving  roots  near  the 
surface  and  covered  by  only  a  very  little  loose  earth  or,  better,  leaf-mold, 
and  which  have  the  covering  nets  extending  entirely  to  the  ground, 
into  which  the  cloth  is  pegged. 

When  the  insects  have  emerged  within  the  breeding  jars,  the  trees 
should  be  covered  with  net  bags.  I  employ  large  cylinders  made  of  a 
closely-woven  cheese-cloth,  the  cylinder  open  at  the  bottom  and  kept  in 
shape  by  two  heavy  wire  rings  of  the  same  diameter  as  the  cylinder  and 
sewed  into  place,  one  in  the  closed  end  of  the  bag  and  the  other  about  a 
foot  from  the  open  end.  These  cylinders  should  be  large  enough  to 
cover  a  large  part  of  the  tree  or  even  the  whole  tree,  for  then  the  insects 
are  given  greater  freedom  in  the  choice  of  the  spot  for  oviposition.  Tapes 
sewed  to  the  closed  end  of  the  bag  will  hold  it  to  some  beam  or  other 
support  above  the  tree.  A  strip  of  sheet  celluloid  may  be  fastened  into 
the  cloth  by  a  waterproof  solution  (a  few  drops  of  castor  oil  added  to 
sheet  celluloid  dissolved  in  acetone)  and  the  window  thus  supplied  is  a 
great  convenience  for  observing  the  insects  ovipositing.  The  breeding 
jars  may  be  placed  on  wooden  blocks  or  other  supports  on  the  ground 
at  the  base  of  the  tree,  the  net  drawn  down  to  include  the  jars,  the  open 
end  of  the  net  brought  together  and  securely  fastened  around  the  main 


Digitized  by 


Google 


1920]  Kinsey,  Life  Histories  of  American  Cynipidce  323 

stem  of  the  tree,  and  then  the  covers  worked  oflf  of  the  breeding  jars. 
The  insects  are  thus  placed  on  the  tree  and  confined  immediately  upon 
emergence  from  the  galls.  The  nets  may  be  left  on  the  trees  for  three  or 
four  weeks,  thus  insuring  quite  completely  that  no  other  gaU-wasps 
may  attack  that  tree,  but  to  keep  the  tree  covered  for  a  longer  period  will 
usually  affect  the  vigor  of  the  plant  and  prevent  the  growth  of  the  galls. 
Adler,  in  working  out  the  life  histories  of  European  cynipids,  employed 
only  smaller  coverings  for  the  trees,  but  by  the  use  of  nets  large  enough 
to  cover  the  entire  tree  it  is  possible  to  give  a  much  wider  range  of  activ- 
ity to  the  insect;  and  by  placing  the  breeding  jars  directly  into  the  nets 
the  danger  of  injuring  these  dehcate  insects  by  handling  is  entirely 
avoided. 

The  adults  of  most  species  of  cynipids  have  very  little  vitality,  and 
to  efifect  oviposition  they  must  usually  reach  the  part  of  the  plant  in 
which  the  egg  will  be  laid  within  a  few  hours  after  emerging  from  the 
gall.  Insects  kept  a  couple  of  days  after  emergence  rarely  have  vitality 
enough  left  to  lay  eggs.  The  occurrence  of  a  rainy  or  even  foggy  day 
at  the  time  of  emergence  of  a  species  (most  of  the  adults  of  any  particular 
species  will  emerge  within  a  very  few  days  of  each  other)  will  prevent 
immediate  oviposition,  and  by  the  time  the  weather  has  cleared  the 
insects  have  lost  all  vitality  and  will  not  attempt  to  climb  over  the  trees. 
In  spite  of  all  care,  to  obtain  galls  experimentally  is  a  difficult  process, 
often  proving  unsuccessful.  From  about  two  thousand  gall-wasps  placed 
upon  plants  the  first  year  of  my  work,  when  the  trees  were  newly  trans- 
planted and  not  growing  very  vigorously,  I  secured  only  twenty  galls. 
The  factors  influencing  the  growth  of  these  deformations  are  hardly  at  all 
understood,  but  it  is  very  likely  that  the  trees  on  which  they  are  to  grow 
must  be  in  very  vigorous  condition.  An  abundance  of  insects  of  any  one 
.species  will  usually  be  necessary  to  secure  any  amount  of  results. 

HISTORICAL 

The  alternation  of  two  quite  different  forms  in  successive  genera- 
tions of  an  organism  was  discovered  first  in  1819  by  Chamisso  in  a  tuni- 
cate of  the  genus  Salpa.  **  A  *Sa/pa-mother  is  not  like  its  daughter  or  its 
own  mother,  but  resembles  its  sister,  its  granddaughter,  or  its  grand- 
mother'' was  a  remarkable  statement  to  hear  in  a  day  when  spontaneous 
generation  theories  had  only  recently  been  widely  discarded  and  when 
the  resemblance  of  all  offspring  to  their  parents  seemed  the  foundation 
stone  of  biological  science.  Though  plenty  of  other  observations  soon 
confirmed  Chamisso's  discovery,  it  was  not  until  the  time  of  the  exten- 
sive observations  of  Lichtenstein  with  aphids  and  of  Adler  with  Cynipi- 
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dae  that  it  was  realized  that  alternation  of  generations  is  a  widenspread 
phenomenon.  The  very  diverse  forms  of  the  alternate  generations  of 
many  species  of  gall-wasps  and  the  apparently  regular  succession  of  the 
agamic  with  the  bisexual  forms,  which  constitutes  true  heterogeny,  are 
not  known  to  be  equaled  in  any  other  large  group  of  highly  developed 
animals  and,  consequently,  unusually  wide  attention  has  been  attracted 
to  life  histories  of  gall-wasps. 

The  discovery  of  heterogeny  in  the  Cynipidae  dates  from  an  observa- 
tion reported  in  1864  by  Homer  F.  Bassett,  librarian  in  the  town  of 
Waterbury,  Connecticut,  and  a  student  whose  long  series  of  observations 
of  gall-wasps  were  made  with  a  degree  of  painstaking  care  unmatched 
by  any  other  worker  with  the  family.  Bassett  reported  as  follows  (1864, 
Proc.  Ent.  Soc.  Philadelphia,  III,  p.  198): 

The  flies  [of  C.  q.  operator  O.  S.)  have  now  nearly  all  appeared  [from  woolly  galln 
on  the  buds  and  aments]  and  1  have  watched  them  carefully  to  learn  if  possible 
whether  the  females  deposited  any  eggs,  and  if  so,  whether  they  are  deposited  in  the 
young  leaf-buds. 

I  have  reared  thousands  of  the  flies  and  have  seen  thousands  more  within  a  few 
days  on  the  leaves  of  the  shrub-oak,  but  have  not  been  able  to  find  any  in  the  act  of 
ovipositing  until  this  afternoon. 

On  visiting  a  shrub-oak  (Q.  Uicifolia)  thicket  this  afternoon  I  found  hundreds  of 
C.  q.  operator  with  the  ovipositor^  (nearly  twice  the  length  of  the  body)  inserted  the 
full  length  into  the  cups  of  the  young  acorns.    [Etc.  in  detail.] 

That  you  may  see  that  I  am  not  mistaken,  I  send  you  with  this  a  few  acorns  with 
the  fly  still  attached.    They  were  killed  by  immersing  in  boiling  water. 

To  find  a  gall-wasp  depositing  its  eggs  at  a  spot  which  could  not 
possibly  have  produced  a  gall  similar  to  that  from  which  the  insect  had 
emerged  would,  at  the  date  of  Bassett's  first  observation,  have  been 
passed  by  as  mere  delusion  by  observers  less  careful.  Three  years  earlier 
Osten  Sacken  (1861)  had  suggested  that  the  species  of  cynipids  known  in 
the  female  sex  only  might  have  the  male  developed  in  other  kinds  of  galLs, 
but  the  theory  was  quite  without  proof  and  could  not  have  been  of  much 
encouragement  to  Bassett,  even  had  he  known  of  Osten  Sacken's  ob- 
scure paper.  Bassett  made  no  prediction  or  theory  concerning  the 
curious  fact  he  had  discovered. 

In  1873  Bassett  wrote  again :  *^I  have,  for  the  past  three  years,  care- 
fully examined  the  buds  of  Q.  ilidfolia,  hoping  to  find  the  producer  of 
C.  q.  operator  at  work,  but  without  success,  till  this  week,  when  I  found 
no  less  than  thirty  gall  flies  ovipositing  in  the  buds  of  this  oak."  Bassett 
had  then  discovered  the  insect  which  oviposited  to  produce  the  woolly 
gall  and  the  galls  produced  by  the  insects  from  that  woolly  gall. 
It  only  remained  to  prove  that  insects  from  the  second  form  of  the 
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gall,  the  acorn-gall,  were  identical  with  those  which  had  been  found 
ovipositing  to  produce  the  woolly  gall.  This  connection  was  finally 
established  when  C.  V.  Riley,  in  the  spring  of  the  same  year  in  which 
Bassett  found  the  producer  of  C.  operator^  bred  the  adult  from  the  acorn- 
gall.  It  was  identical  with  the  producer  of  C.  operator.  The  fact  of  alter- 
nation of  generations  in  the  Cynipidse  was  thus  completely  proved.^ 

Meanwhile,  B.  D.  Walsh  (1864)  had  reported  in  great  detail  the 
discovery  of  two  very  different  forms  of  adults,  one  agamic  and  the  other 
bisexual,  emerging  at  different  times  of  the  year  from  very  similar  if  not 
identical  galls  of  Amphibolips  confluens.  The  work  was  undoubtedly 
exact  as  far  as  it  went  and,  if  it  covers  the  complete  life  cycle  of  the 
species,  it  furnishes  the  first  completed  record  of  alternation.  But 
Walsh,  though  he  attempted  to  control  the  insects  by  confining  them  in 
nets  placed  on  the  trees,  was  unable  to  discover  oviposition  and  it  is  not 
yet  satisfactorily  shown  that  the  complete  life  cycle  of  the  species  has 
been  discovered.  Osten  Sacken  (1865,  p.  341),  greatly  impressed  with 
Walsh's  work,  predicted  that  perhaps  "in  some  cases,  the  galls  producing 
the  dimorphous  females  were  somewhat,  or  perhaps  even  altogether, 
different  from  those  producing  the  bisexual  brood,''  thus  anticipating  a 
summary  of  the  rule  which  was  not  to  be  proved  satisfactorily  for  another 
twenty  years. 

European  zoologists  had  long  been  impressed  by  Hartig's  observa- 
tion (1840)  that  among  almost  10,000  females  bred  from  one  species  of 
gall  not  a  single  male  was  discovered.  Similar  experience  had  been  had 
by  all  the  students  of  gall-wasps  and  Giraud  is  quoted  (Lichtenstein,  1881, 
p.  xi)  as  remarking  "Hay  dans  cesCynipidesagamesunmystdredontla 
d^couverte  fera  la  gloire  d'un  honune."  To  solve  this  mystery,  Dr. 
Hermann  Adler,  a  physician  at  Schleswig,  undertook  to  raise  under  con- 
trolled conditions  successive  generations  of  species  of  cynipids.  In  1877 
he  made  the  first  report  of  his  work  and,  when  he  made  the  more  com- 
plete report,  in  1881,  the  abundance  of  his  observations  with  a  number 


^Riley's  share  in  the  discovery  consisted,  according  to  his  own  early  statement  (1873),  in  this 
breeding  of  the  adult  from  one  form  of  pall — nothing  more.  That  this  adult  or  the  gall  from  which  it 
came  had  any  connection  whatsoever  with  the  other  form  of  gall  was  realised  only  because  of  Bassett's 
observations  made  1864  to  1873.  Overlooking  this  situation,  Lichtenstein  (1881)  and  Howard  (1882 
and  1910),  followed  by  later  reviewers,  gave  Riley  the  whole  credit  and  by  1895  Riley  himself  had 
oome  to  believe  he  deserved  it.  He  then  writes:  "The  writer  established,  by  breeding,  the  connection 
of  the  agamio  Callirhytis  operator  O.  S.  and  C.  operatola  Riley  in  1872,  the  facts  and  specimens  having 
been  communicated  to  H.  F.  Bassett  July  10th  of  that  year,  though  not  published  till  1873."  But  C. 
opcnxIfM' is  not  agamic,  C  operatola  is  not  a  Riley  species  (it  was  published  by  Bassett  in  1900),  and  the 
datea  in  this  statement  are  at  utter  variance  with  Riley's  published  statement  of  1873,  where  he  ex- 
pressly gives  the  date  of  breeding  the  acorn  gall-wasp  as  1873.  I  possess  the  copy  of  the  French  trans- 
lation of  Adler's  work  presented  by  Lichtenstein  to  Riley.  Among  several  notes  made  in  Riley's  own 
handwriting  is  this:  "Wrote  to  Bassett  May  7/72  in  reference  to  black  flies  from  C.  q.  operatola  * 
again  July  10/73  announcing  breeding  of  large  9  from  it."  Fifteen  years  later  Riley's  black  flies 
(mquilines  or  parasites)  of  ^fay  7.  1872,  had  become  in  his  mind  the  large  female  (true  gall  maker)  of 
July  10, 1873. 
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of  dififerent  species  showed  alternation  of  generations  in  Cynipidfie  to  be  a 
fact  not  to  be  questioned  and  presented  the  proof  in  a  way  which  im- 
mediately attracted  attention  from  biologists  over  the  world.  What  Bas- 
sett  and  Walsh  had  proven  for  three  American  species  was  now  proved 
for  fourteen  European  species  by  direct  observation  of  the  complete 
life  cycle  and  for  five  other  species  where  the  second  form  of  the  gall  was 
obtained  from  the  first,  but  the  return  experiments  were  not  successful. 
Other  facts  of  importance  concerning  the  life  histories  of  other  species 
were  reported  at  the  same  time.  None  of  the  later  workers  have  equaled 
that  number  of  Ufe  histories  solved,  nor  can  any  amount  of  later  work 
ever  prove  as  important  as  was  the  convincing  work  done  by  Adler. 

The  Ufe  ^listories  of  other  European  species  have  been  solved  by 
Beyerinck,  Schlechtendal,  Kieffer,  and  others.  In  America,  Bassett 
solved  the  Ufe  histories  of  four  species,  Walsh  and  Triggerson  of  one 
each,  and  now  I  can  add  information  concerning  three  other  species. 
This,  including  two  cosmopoUtan  species  which  Adler  studied,  totals  ten 
or  eleven  American  species  of  which  the  Ufe  cycles  have  been  determined. 

LIFE  HISTORIES 
k^flax  glechomsB  (linnseus) 
Plate  XXVIII,  Figures  1  and  2 
The  following  includes  only  the  most  important  of  the  many  references  in 
European  literature,  with  a  more  complete  bibliography  of  American  literature. 

(No  name]  Pankow,  1656,  Herbar.  Portat.,  p.  709. 

Cynips  glechanice  Linn^us,  1758,  Syst.  Nat.,  10th  Ed.,  p.  553. 

Diplolepia  glechonuB  Latreille,  1805,  Hist.  Nat.  Crust.  &  Ins.,  XIII,  p.  207. 

Aylax  glechoTHw  Habtig,  1841,  Zeitschr.  f.  Ent.,  Ill,  p.  342.  BEUTENMt^LLER,  1910, 
Bull.  Amer.  Mus.  Nat.  Hist.,  XXVIII,  p.  138,  PI.  xiv,  figs.  1-3.  Dalla  Torre 
AND  Kieffer,  1910,  Das  Tierreich,  XXIV,  p.  667,  figs.  347-348.  Felt,  1918, 
N.  Y.  State  Mus.  BuU.,  CC,  p.  183,  figs.  198,  235  (1-3). 

Aulax  glechamcB  Hartig,  1843,  Zeitechr.  f.  Ent.,  IV,  p.  412.  Dalla  Torre,  1893, 
Cat.  Hymen.,  II,  p.  120.  Johannsen,  1911,  Me.  Agric.  Exp.  Sta.  Bull.,  CLXXX- 
VII,  p.  8.     Fagan,  1918,  Amer.  Nat.,  LII,  p.  168. 

Diastrophus  glechomw  Schenck,  1862-1863,  Jahrb.  v.  Natur.  Nassau,  XVII-XVIII, 
pp.  211,  212,  248.     Adler,  1881,  Alternating  Generations  (Straton  Edit.),  p.  274. 

Aulax  glechomatis  Marshall,  1868,  Ent.  Month.  Mag.,  IV,  p.  274. 

lApoathenes  glechomo'  Forster,  1869,  Verh.  zool.-bot.  Gesell.  Wien,  XIX,  p.  336, 
Thompson,  1915,  Cat.  Amer.  Ins.  Galls,  pp.  25,  44. 

Liposthenes  glechomatis  Marshal,  1874,  Ent.  Ann.,  p.  117. 

Diastrophus  siinilis  Bassett,  1881,  Can.  Ent.,  XIII,  p.  95.  Ashmead,  1885,  Trans. 
Amer.  Ent.  Soc,  XII,  pp.  294,  304;  1887,  idem,  XIV,  p.  134.  Dalla  Torre, 
1893,  Cat.  Hymen.,  II,  p.  109.  Mayr,  1902,  Verh.  zool.-bot.  Gesell.  Wien,  LII, 
p.  287.  Cook,  1903,  Ohio  Nat.,  Ill,  p.  428,  figs.  66-69;  1904,  idem,  IV,  pp.  119, 
120,  126,  figs.  86,  106.     Viereck,  1916,  Hymen.  Conn.,  p.  436. 

Aulax  similis  Dalla  Torre  and  Kieffer,  1902,  Gen.  Ins.,  Hymen.,  Cynip.,  p.  75. 
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Diaatrophtis  siminis  Cook,  1904,  Ohio  Nat.,  IV,  p.  135. 
Aulax  {Diasirophus)  simUis  Smith,  1910,  Ins.  N.  J.,  p.  603. 

Female. — Mostly  piceous  black;  pronotum  dark  rufous  anteriorly,  with  patches 
of  long,  yellowish  hairs  at  the  sides;  second  abdominal  segment  produced  dorsally 
to  almost  two-thirds  the  length  of  the  abdomen;  areolet  small  or  lacking.  Head: 
piceous  black  or  black,  reddish  on  the  face,  mouth-parts  yellowish  rufous;  sUghtly 
broadened  behind  the  eyes;  a  broad,  median  facial  elevation;  microscopically  rugose, 
more  rugose  on  the  face,  striate,  somewhat  radiantly  around  the  mouth;  somewhat 
hairy;  antennae  yellowish  or  light  brownish  rufous,  13-jointed,  finely  pubescent. 
Thorax:  almost  entirely  black,  mesonotum  superficially  appearing  smooth  and  shin- 
ing, but  actually  finely  coriaceous  or  shagreened;  parapxsidal  grooves  distinct,  continu- 
ous to  the  pronotum  where  they  are  divergent;  anterior  parallel  lines  rather  faint, 
half  the  length  of  the  mesonotum;  median  groove  absent  or  barely  indicated  by  a 
slight  rugosity  at  the  scutellum;  lateral  lines  distinct  but  not  deep,  extending  half  the 
length  of  the  mesonotum;  scutellum  very  rugose,  with  two,  rather  large,  round, 
mostly  smooth  and  shining  iovete  at  the  base  separated  by  a  rather  fine  ridge;  pro- 
notum black  or  piceous  laterally,  dark  rufous  anteriorly,  rugose,  hairy,  with  patches 
of  long,  yellowish  hairs  at  the  sides;  mesopleurse  piceous  or  black,  shining,  rugoso- 
striate.  Abdomen:  rufo-piceous  to  black,  mostly  smooth  and  shining,  with  patches 
of  dense,  yellowish  hairs  at  the  base,  laterally;  the  second  segment  produced  dorsally, 
extending  dorsally  almost  two-thirds  of  the  length  of  the  abdomen.  Legs:  entirely 
yellowish  or  light  brownish  rufous,  finely  hairy;  the  tarsal  claws  darker  in  color,  and 
simple.  Wings:  yellowish-tinged,  the  veins  yellowish  brown,  darkest  on  the  basal 
half  of  the  wing;  areolet  small  or  lacking,  radial  cell  entirely  open;  the  cubitus  fine 
and  very  faint  where  it  meets  the  basal  vein  considerably  below  the  midpoint; 
the  first  abscissa  of  the  radius  entirely  arcuate  or  sometimes  subangulate.  Length: 
2.5-3.2  mm. 

Galls. — Rounded  galls  (Figs.  1  and  2)  on  the  leaves,  petioles,  or  stems  of 
Nepeta  (Glechoma)  hederaceu,  the  ground-ivy  (gill-over-the-ground) .  Monothala- 
mous,  or  several  galls  fused.  Each  gall  is  6-12  mm.,  more  or  less,  in  diameter, 
rounded,  covered  with  a  rather  dense,  stiff  pubescence,  reddish  and  green  when 
young;  when  old  becoming  dry,  brown,  smooth,  with  a  thin,  paperj-^  covering  separa- 
ting more  or  less  or  entirely  lost  from  the  gall  during  the  winter.  The  larval  cell 
is  central,  held  in  place  by  rather  abundant,  very  irregular,  coarse  fibers. 

Types. — ^Types  of  glechomcB  in  the  Linnsean  collections  and  most  likely  lost. 
Cotypes  of  similis  in  The  American  Museum  of  Natural  History,  the  Academy  of 
Natural  Sciences  of  Philadelphia,  and  the  Museum  of  Comparative  Zoolog>'. 

Range. — Europe.  Maine:  Orono  (Johannsen).  Massachusetts:  Boston 
(Clarke);  Sharon.  Connecticut:  Waterbury  (Bassett).  New  York:  Long  Island 
(Baasett).  New  Jersey:  Alpine  (Beutenmiiller).  Ohio  (Cook).  Indiana  (Cook). 
Illinois  (Beutenmiiller.) 

Mayr  first  pointed  out  the  synonoiny  of  the  European  glechmtiw  and 
Bassett's  similis,  I  made  the  above  redescriptions  from  European 
material  from  Mayr  and  also  from  Bassett 's  types,  and  the  identity  of  the 
two  is  quite  eertain.  The  species  was  undoubtedly^  introduced  into 
America  from  Europe,  for  its  host,  the  ground-ivy,  is  of  European  origin. 
It  is  likely  that  galls  were  brought  to  America  on  plants  which  had  be- 
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come  entangled  in  nursery  material  or  used  as  packing.  It  is  very  inter- 
esting to  find  insects  of  so  little  vitality  living  through  such  a  journey, 
and  upon  emergence  from  the  galls  to  be  able  to  endure  the  new  condi- 
tions and  to  find  the  hosts  necessary  for  the  continuance  of  the  species. 
There  are  only  three  other  instances  of  the  sort.  The  introduction  of 
Rhodites  rosce  and  R,  mayrij  of  roses,  is  easily  understood,  but  the  suc- 
cessful introduction  of  Aylax  glechomce  and  of  A.  taraxaci  (not  yet  re- 
recorded from  Europe,  but  since  the  dandelion  is  of  European  origin  it  is 
probable  that  the  gall-wasp  is  also  introduced)  upon  herbaceous  plants 
is  more  surprising. 

This  species  is,  in  many  respects,  very  distinct  from  and  more 
specialized  than  other  members  of  the  genus  Aylax,  The  striations  of  the 
face  resemble  those  of  DiastrophuSy  the  second  abdominal  segment  is 
remarkably  developed,  the  monothalamous  and  separable  gall  is  (as  I 
am  showing  elsewhere)  a  good  indicator  of  advanced  evolution,  and  the 
undoubtedly  completely  agamic  reproduction  is  not  found  elsewhere,  as 
far  as  is  known,  in  the  genus.  These  and  other  considerations  suggest 
that  glechomce  must  be  considered  a  high  development  in  Aylax  or  pos- 
sibly as  belonging  to  a  distinct  genus. 

The  galls  appear  in  late  May  or  early  June.  In  this  young  condition 
they  are  eaten  in  France.  The  galls  mature  in  late  July  and,  as  the  plants 
begin  dying  oflf  in  September,  the  dried  galls  drop  to  the  ground  where 
they  overwinter,  being  in  large  part  decayed  by  springtime.  The  galls 
are  heavily  parasitized.  The  insects  mature  in  the  fall  and  overwinter  as 
adults,  not  emerging,  however,  until  the  following  April  or  May.  Adler 
proved,  by  experimentally  raising  successive  generations,  that  there 
is  no  alternation  of  generations  with  the  species  and,  since  the  male  is 
unknown,  it  is  likely  that  reproduction  is  regularly  agamic,  the  eggs 
never  being  fertilized.  This  pure  agamy  is  a  remarkable  condition  not 
easily  comprehended  as  a  fit  method  of  maintaining  the  vitality  of  an 
organism. 

Rhodites  ro8»  (Linnseus) 
Plate  XXVIII,  Figures  3  and  4 
[No  name]  Malpighi,  1679,  Anat.  Plant.,  II,  pp.  28,  41. 
Cynipa  rosm  Linn^us,  1758,  Syst.  Nat.,  10th  Ed.,  p.  553. 
Diplolepis  hedegitaris  Geoffrey,  1762,  Hist.  Ins.,  II,  p.  310. 
Diplolepis  rosce  Fourcroy,  1785,  Ent.  Paris,  p.  392. 
Diplolepis  hedeffuaris  fungoscB  Lamarck,  1817,  Hist.  Anim.,  IV,  p.  163. 
Rhodites  rosce  Hartig,  1840,  Zeit.  Ent.  Germ.,  II,  p.  194.  Forster,  1869,  Verb,  zool.- 
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bot.  Ges.  Wien,  p.  332  [rosw  fixed  as  type  of  Rhodiles],    Adler,  1877,  Deut.  Ent. 

Zeit.,  XXI,  p.  209  [BiologyJ.     Paszlavszky,  1882,  Termfezetrajzi  Fttzetek  (Buda- 
pest), V,  pp.  192, 277  [Biology].  And  many  other  references  in  European  literature. 
Detailed  descriptions  or  illustrations  are  to  be  foimd  in  the  following  more  available 

American  publications: 
CoMSTOCK,  1895,  Man.  Study  Ins.,  p.  621,  fig.  747.    BEUTENMtJLLER,  1904,  Amer. 

Mus.  Nat.  Hist.  Guide  Leaf.  16,  p.  7,  fig.;   1907,  Bull.  Amer.  Mus.  Nat.  Hist., 

XXIII,  p.  632,  figs.  1-4,  PI.  xuii,  figs.  5-6.    Thompson,   1915,   Cat.   Amer. 

Ins.  Galls,  pp.  22,  45,  PI.  v,  fig.  92.    Viereck,  1916,  Hymen.  Conn.,  p.  441,  PI. 

VI,  fig.  5.    LxjTZ,  1918,  Field  Book  Ins.,  p.  468,  PI.  c,  fig.  5.    Felt,  1918,  N.  Y. 

State  Mus.  Bull.,  CC,  p.  144,  fig.  149,  Nos.  5-6. 

Female. — ^Head,  antenns  and  thorax  entirely  black;  abdomen  red,  piceous 
black  posteriorly;  wings  with  a  large  brown  cloud  covering  the  radial  ceU  and  ex- 
tending beyond  it.  Head:  entirely  black  or  piceous  black,  mouth-parts  reddish 
brown,  tips  of  the  mandibles  black;  front  finely  coriaceous,  face  rugoso-punctate 
with  scattered  hairs;  antennss  entirely  black,  pubescent,  14-iointed,  the  third  joint 
about  twice  as  long  as  the  fourth.  Thorax:  entirely  black,  mesonotum  coriaceous; 
anterior  parallel  lines  and  lateral  lines  smooth;  parapsidal  grooves  and  median 
groove  more  apparent  in  some  specimens  than  in  others;  parapwidal  grooves  some- 
times traceable  to  the  pronotum ;  scutellum  black,  finely  rugose,  the  f oveae  at  the  base 
similarly  rugose  and  hardly  distinct  from  the  rest  of  the  scutellum;  pronotum  rugose; 
mesopleurae  almost  wholly  smooth  and  shining,  with  a  narrow,  rugose  area  dividing 
the  shining  area  unequally.  Abdomen:  bright  red,  lightest  basally,  the  posterior 
segments  piceous  black,  the  hypopygium  reddish  brown  and  with  a  few,  short  hairs, 
abdomen  otherwise  smooth;  second  segment  produced  dorsally,  there  equalling 
almost  two-thirds  the  total  length  of  the  abdomen;  the  hypopygium  prominent, 
broad,  acutely-pointed,  "plow-shaped.''  Legs:  coxie  rufo-piceous  to  light  red- 
dish brown,  tibisB  and  tarsi  light  reddish  brown;  legs  entirely  hairy;  tarsal  claws 
simple.  Wings:  yellowish-tinged,  a  large  brownish  area  entirely  covering  the  radial 
cdl  and  extending  considerably  beyond  it;  wing-veins  clear  brown,  darkest  on  the 
finBt  abscissa  of  the  radius;  areolet  moderately  large;  cubitus  extending  to  the  basal 
vein;  radial  cell  entirely  closed,  first  abscissa  of  the  radius  arcuate  on  the  inner  side, 
but  with  a  considerable  thickening  on  the  other  side,  which  makes  it  angUlate  into 
the  radial  cell.    Length:  2.7-3.5  nmi.  j 

Male. — Similar  to  the  female,  differing  as  follows:  third  antennal  joint  almost 
three  times  as  long  as  the  fourth;  abdomen  small,  black,  piceous  or  reddish  basally; 
wings  without  the  radial  cloud;  length,  2.0-2.5  nmi 

[The  above  descriptions  made  from  large  series  of  specimens  from  localities  over 
Massachusetts.] 

Galls. — A  large  mass  (Figs.  3  and  4)  of  moss-like  filaments  surrounding  a 
cluster  of  hard,  bud-like  cells.  The  filaments  are  pale  green  or  reddish  or  purplish- 
tinged  when  young,  becoming  brown  or  black  during  the  winter;  they  are  sometimes 
simple,  forming  a  tangled  mass,  or  may  be  broad,  branched,  or  leaf-like;  the  whole 
gall  is  spherical  or  oval,  about  50  mm.  or  less  in  diameter.  Each  cell  of  the  central 
core  is  a  modified  bud,  monothalamous,  thick-walled,  with  a  distinct  but  inseparable 
larval  cell;  the  cell  is  more  or  less  covered  with  irregular  projections;  and  of  ten  several 
ceUs  fuse.  Terminal  on  the  stems  of  roses,  esf)ecially  of  the  sweet  briar;  it  has  been 
recorded  from  eighteen  species  of  rose,  and  is  likely  to  be  foimd  on  almost  any  of  the 
species. 
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Types. — In  the  Linnsean  collections  and  most  likely  lost. 

Range. — Europe:  throughout.  Asia:  western.  North  America:  Canada 
(Toronto,  Quebec)  and  New  England  to  Georgia,  west  to  Michigan,  Kansas,  and 
Colorado. 

The  gaU  of  this  species  is  one  of  the  best  known  of  the  cynipid 
productions,  being  large  and  attractive  and  occurring  most  often  on 
cultivated  plants  or  on  bushes  escaped  from  cultivation.  The  species  is 
evidently  of  European  origin,  probably  having  been  imported  into  North 
America  and  other  parts  of  the  world  on  the  sweet-briar.  This  is  one  of 
the  four  known  instances  of  the  importation  of  a  cynipid  species  from 
one  continent  into  another. 

The  gall  is  a  curious  modification  of  the  young  leaves.  It  is  among 
the  most  speciaUzed  of  the  Rhodites  galls.  But  what  has  been  gained  by 
the  specializaton  is  not  altogether  apparent,  for  the  amount  of  parasitism 
of  this  species  is  great  (at  least  15%),  and  evidently  the  pecuhar  devices 
which  compUcate  the  gall  are  of  no  avail  in  keeping  out  parasitic  insects. 

The  galls  of  rosce  appear  as  early  as  June  5  (Adler,  1877),  about 
three  weeks  after  the  eggs  are  laid;  these  galls  are  well  grown  in  laXe 
July  and  mature  by  September.  The  insects  overwinter  as  larvae  and 
pupate  only  a  few  days  before  their  emergence  from  the  gall.  The  adults 
emerge  from  April  27  to  July  9.  This  is  a  wider  range  of  dates  of  emer- 
gence than  is  conmionly  found  among  the  Cynipida*  and,  unlike  practi- 
cally all  of  the  other  gall-w^asps,  adults  of  this  species  will  sometimes 
emerge  from  a  single  gall  at  two  or  more  dates  separated  by  a  month  or 
more,  indicating  a  considerable  range  of  differences  between  the  eggs 
from  a  single  parent.  The  adults  oviposit  within  a  few  hours  after 
emergence^  but  may  Uve  for  four  or  five  days  before  djring. 

Males  and  females  are  sometimes  produced  in  about  equal  abun- 
dance. From  my  first  lot  of  material  I  bred  six  females  and  seven  males, 
and  Cameron  reported  (1889)  a  similar  experience.  But  other  galLs  will 
give  no  males  at  all,  indicating  a  great  variation  in  the  eggs  laid  by  differ- 
ent individuals.  The  final  average  gives  between  one  and  two  per  cent 
males,  and  the  observations  of  several  workers  (Adler,  1888;  Cameron, 
1889;  ei  al.)  confirm  my  experience  in  this  respect.  It  is  to  be  expected 
that  under  such  conditions  the  females  are  often  not  fecundated  but, 
nevertheless,  the  eggs  of  such  individuals  will  grow  parthenogenetically. 
This  was  very  positively  proved  b}'-  Adler  (1877),  who  secured  galls  from 
eggs  he  had  obsei*ved  to  be  laid  in  the  plant.  He  conducted  extensive 
experiments  with  this  species;  in  four  different  years  he  obtained  similar 
results,  rearing  three  generations  in  direct  succession,  obtaining  galls 
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and  adults  in  each  case  exactly  like  those  of  the  parent  generation.  This 
was  conclusive  proof  that  there  is  no  alternation  of  generations  with  this 
species,  and  nothing  known  of  its  life  history  would  suggest  that  an 
alternation  ever  occurs.  By  strictly  isolating  the  females  from  the  males 
at  emergence  and  before  oviposition,  and  by  anatomical  examination  of 
the  receptaculum,  Adler  proved  the  jmrthenogenetic  development  of 
eggs. 

Rhodites  ignotus  Osten  Sacken 
Plate  XXVIII,  Figures  5  to  7 
Rhodites  iffnota  Osten  Sacken,  1863,  Proc.  Ent.  Soc.  Phila.,  II,  pp.  44,  45,  49.    Gn^ 
LETTE,  1892,  Ent.  News,  III,  p.  246.  BEUTENMtJLLER,  1892,  Bull.  Amer.  Mus.  Nat. 
Hist.,  IV,  p.  246,  PI.  IX,  fig.  2;  1904,  Amer.  Mus.  Joum.,  IV,  p.  94,  fig.  7;  1904, 
idem,  XX,  p.  27;  1904,  Amer.  Mus.  Nat.  Hist.  Guide  Leaf.  16,  p.  8,  fig.    Felt, 
1906,  Ins.  Aff.  Pk.  &  Woodl.  Trees,  II,  pp.  621,  647.    Stebbins,  1910,  Spring- 
field (Mass.)  Mus.  Bull.,  II,  p.  37,  fig.  73.    Thompson,  1915,  Cat.  Amer.  Ins. 
Galls,  pp.  23,  45,  PI.  v,  fig.  100.    Lutz,  1918,  Field  Book  Ins.,  p.  468,  PI.  c,  fig.  8. 
[R.  ignota  of  Ashmead  papers  is  R.  globtdoidea  Beutenmiiller.] 

Rhodites  Carolina  Ashmead,  1887,  Trans.  Amer.  Ent.  Soc,  XIV,  pp.  133, 148.  Dalla 
Torre  and  Kieffer,  1902,  Gen.  Ins.,  Hymen.,  Cynip.,  p.  78.  Dalla  Torre 
AND  Kieffer,  1910,  Das  Tierreich,  XXIV,  p.  718.  Thompson,  1915,  Cat. 
Amer.  Ins.  Galls,  pp.  23,  45. 
Rhodites  carolinus  Dalla  Torre,  1893,  Cat.  Hymen.,  II,  p.  126. 
Rhodites  ignotus  Dalla  Torre,  1893,  Cat.  Hymen.,  II,  p.  127.  Dalla  Torre  and 
Kieffer,  1902,  Gren.  Ins.,  Hymen.,  Cynip.,  p.  78.  BEUTENMtyLLER,  1907,  Bull. 
Amer.  Mus.  Nat.  Hist.,  XXIII,  p.  634,  PI.  xlhi,  figs.  7-10.  Dalla  Torre 
and  Kieffer,  1910,  Das  Tierreich,  XXIV,  p.  718,  fig.  402.  Smith,  1910,  Ins. 
N.  J.,  p.  604.  CosENS,  1912,  Trans.  Can.  Inst.,  IX,  p.  350.  Viereck,  1916, 
Hymen.  Conn.,  p.  441,  PI.  vi,  fig.  3.  Felt,  1918,  N.  Y.  State  Mus.  Bull.,  CC, 
p.  146,  fig.  149  (7-10). 

Female. — Antennse,  head,  and  thorax  black;  basal  joints  of  antennse  rufous; 
abdomen  and  legs  rufous  red;  radial  area  of  wings  clouded  but  with  a  large  clear  spot 
in  the  center.  Head:  broad;  black  or  piceous  black,  shallowly  rugoso-punctate, 
more  finely  punctate  on  the  vertex,  with  a  long  pubescence  on  the  face;  antennse 
short,  14-jointed,  black  or  piceous  black,  joints  one  and  two  light  rufous  to  rufo- 
piceous.  Thorax:  black,  coarsely  rugose,  hairy;  parapsidal  grooves  similarly  rugose, 
widely  divergent  from  the  scutellum,  extending  a  little  more  than  half  the  way  to  the 
pronotum;  median  groove  lost  in  the  rugosities  of  the  mesonotum;  anterior  parallel 
lines  fine,  smooth,  slightly  raised,  not  extending  half-way  to  the  scutellum;  lateral 
lines  broader,  smooth,  about  as  long  as  the  parapsidal  grooves;  scutellum  long,  ele- 
vated, depressed  at  the  base  but  without  distinct  fovese,  entirely  coarsely  rugose; 
mesopleurse  rather  smooth  and  shining,  in  part  coriaceous,  a  narrow  rugose  band  ex- 
tending across  the  middle.  Abdomen:  bright  rufous  red,  the  tip  of  the  hypopygium 
rufo-piceous;  smooth  and  shining,  the  lower  edge  of  the  hypopygium  hairy;  abdomen 
long  and  slender;  the  second  segment  produced  dorsally  almost  to  the  tip  of  the  ab- 
domen; hypopygium '^plow-shaped.'^  Legs:  bright  rufo-piceous  including  the  coxse, 
the  last  joints  of  the  tarsi  rufo-piceous;  densely  hairy;    tarsal  claws  simple.   Wings: 
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yellowish-tinged,  hairy,  the  veins  clear  brown,  those  bounding  the  radial  area  darker; 
radial  area  closed,  covered  with  a  large,  brown  patch  with  a  large,  clear  spot  in  the 
center;  areolet  moderately  large,  cubitus  not  quite  reaching  the  basal  vein  below 
its  midpoint;  first  abscissa  of  the  radius  distinctly  angulate  but  without  a  distinct 
projection  into  the  radial  area.    Length:  2.0-3.6  mm. 

Male. — SimUar  to  female  but  differing  as  follows:  basal  joints  of  antennse 
piceous  brown;  abdomen  piceous,  shorter,  more  compressed,  and  more  slender 
basally;  wings  with  only  traces  of  the  clouds  on  the  radial  areas,  with  a  slight  projec- 
tion from  the  first  abscissa  of  the  radius  into  the  radial  cell ;  length,  1 .5-3.0  mm. 

(Redescription  made  from  New  England  and  New  York  material  compared  with 
ox)types.] 

Galls. — Irregularly  globose  leaf-galls  (Figs.  5  to  7),  covered  with  a  white,  mealy- 
powder.  Each  gall  is  about  globose,  monothalamous,  but  often  several  galls  coalesce 
to  form  large,  elongate,  more  or  less  entire  masses  sometimes  20  mm.  long.  On  the 
terminal  twigs,  petioles,  and  stems  of  the  leaflets  of  Rosa  hlanda,  R.  Carolina  y  R. 
humilisj  R.  niHda^  R.  virginiana^  and  most  likely  other  roses. 

CoTYPEs. — Cotype  females  and  galls  in  the  Museum  of  Comparative  Zoology, 
and  "cotype"  galls  in  The  American  Museimi  of  Natural  History. 

Range. — Ontario:  Toronto  (Cosens).  Massachusetts:  Magnolia,  Boston 
(Clarke);  Westboro  (Frost);  Springfield  (Stebbins).  Rhode  Island:  Providence 
(Thompson).  Connecticut:  New  Haven,  Woodbridge  (Britton) ;  Waterbury  (Bassett). 
New  York:  Albany  (Felt);  Nyack  (Zabriskie);  New  York  City  (Beutenmtiller) ; 
Staten  Island  (W.  T.  Davis).  New  Jersey:  Fort  Lee  (Beutenmtiller);  Patterson, 
Bradley  Beach  (in  Coll.  Amer.  Mus.).  Pennsylvania  (Beutenmtiller).  Mary- 
land: Fareman  (OstenSacken).  Districtof  Columbia:  Washington  (Beutenmtiller). 
North  Carolina:  Black  Mts.  (Beutenmtiller);  Asheville  (Ashmead).  Florida 
(Ashmead).   Iowa  (Beutenmtiller).   Colorado:  Fort  Collins  (Gillette). 

The  galls  of  Rhodites  ignotus  are  first  noticeable  about  the  middle  of 
August,  somewhat  deforming  the  leaves  of  the  roses  on  which  they  are 
formed.  The  galls  overwinter,  sometimes  on  the  bush,  but  often  on 
the  ground,  to  which  they  readily  fall  when  the  leaves  bearing  them 
wither  in  the  autiunn.  The  mature  wasps  are  known  to  emerge  the  fol- 
lowing spring  from  May  to  August,  most  of  the  adults  appearing  about 
the  last  of  May  or  the  first  of  June.  As  with  R,  rosWj  this  extended 
period  of  emergence  is  an  unusual  thing  to  find  among  the  gall-wasps. 
Of  thirty-seven  of  the  wasps  which  I  have  bred,  thirteen,  i.  e..  35% 
of  them  were  males,  which  is  a  higher  percentage  than  that  known  from 
other  species  of  the  genus.  However,  incomplete  observations  on  other 
breedings  I  have  made  would  indicate  a  much  lower  percentage  of  males 
to  be  more  nearly  nonnal.  The  number  of  parasites  obtained  from 
these  galls  is  extremely  high ;  I  have  found  them  to  constitute  about  90% 
of  all  the  insects  bred — another  instance  of  the  ineflfacacy  of  highly 
developed  ''protective"  de\dces.  Most  of  these  parasites  are  figitids, 
Synerginaj,  etc.,  the  so-called  ''inquilines/'  but  many  other  parasitic 
Hvmenoptera  also  attack  the  galls. 
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The  adults  of  ignotus  live  for  only  a  few  days  at  the  most,  oviposi- 
tion  often  occurring  only  a  few  hours  after  emergence.  The  females  will 
refuse  to  oviposit  unless  they  find  a  bush  in  the  right  condition  for  receiv- 
ing the  eggs.  A  lot  of  the  insects  which  I  placed  on  a  cultivated  rose 
which  was  somewhat  retarded  in  development  refused  to  climb  over  the 
bush  at  all  to  examine  the  buds,  though  the  same  insects  became  active 
enough  when  placed  on  a  plant  in  a  more  advanced  state  of  development. 
They  oArefully  examined  the  young  leaves,  hardly  yet  out  of  the  buds, 
and  in  these  leaves  the  eggs  were  laid.  The  quantities  of  parasites  which 
emerged,  mostly  a  couple  of  weeks  after  the  cynipids,  were  very  active 
in  examining  the  leaves  of  the  same  plant  and  many  of  them  were  ob- 
served to  oviposit,  but  whether  into  the  eggs  and  very  young  galls  of  the 
gall-wasps  I  am  not  certain. 

The  points  at  which  oviposition  was  made  by  the  ignotxis  females 
were  carefully  marked  and  kept  covered  by  gauze  bags  for  almost  a 
month  and  a  half.  The  galls  produced  were  first  seen  about  the  fii*st  of 
September,  i.  e.,  over  a  month  and  a  half  after  the  eggs  were  laid,  but 
the  degree  of  development  of  the  galls  indicated  that  they  had  appeared 
possibly  two  weeks  earlier.  The  galLs  thus  obtained  were  typical 
ignotus  galls,,  in  every  way  resembUng  the  galls  of  the  parent  generation. 
Nothing  eke  known  of  the  hfe  history  of  the  species  would  suggest  that 
it  possesses  an  alternation  of  generations.  Ants  attacked  the  cynipids 
when  they  died  after  oviposition  and  only  a  single  whole  specimen,  a 
oiale,  was  rescued  for  the  collection.  This,  with  galls  of  the  two  succes- 
sive generations,  are  in  my  collections,  distinctively  labelled.  I  cannot 
say  positively  whether  the  reproduction  is  wholly  or  at  any  time  parthen- 
ogenetie,  though  it  is  very  likely  that  it  is  parthenogenetic  at  least 
part  of  the  time.  The  one  male  in  my  net  may  have  fertilized  the  fe- 
males, though  I  did  not  observe  copulation. 

Meurotenis  batatus  (Fitch) 

In  mo8t  of  the  following  references  the  two  generations  have  not  been  separately 
described. 

Cynips  Quercwt-batatus  Fitch,  1859,  Report  Nox.  Ins.  N.  Y.,  p.  810. 
Cynips  quercus  baUUus  Osten  Sacken,  1861,  Proc.  Ent.  Soc.  Phila.,  I,  p.  71.  Thomess, 

1879,  Trans.  111.  Hort.  Soc.  for  1878,  p.  198.    Packard^  1881,  U.  S.  Ent.  Comm. 

Bull.,  VII,  p.  39;  1890,  5th  Report  U.  S.  Ent.  Coram.,  p.  111. 
Cynips  q.-hatalus  Osten  Sacken,    1861,  Ent.    Zeit.  Stett.,  XXII,  pp.  410,  414. 

Bassett,  1864,  Proc.  Ent.  Soc.  Phila.,  Ill,  p.  684;  1877,  Can.  Ent.,  IX,  p.  121. 

Packard,  1890,  5th  Report  U.  S.  Ent.  Comm.,  p.  113. 
Cynips  hatatus  Osten  Sacken,  1865,  Proc.  Ent.  Soc.  Phila.,  IV,  pp.  340,  344,  350, 

3.54.    Packard,  1881,  U.  S.  Ent.  Comm.  Bull..  VII,  p.  56. 
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Neuroterus  batata  Mayr,  1881,  Gen.  Gallenbew.  Cynip.,  p.  37.  Ashmead,  1885, 
Trans.  Amer.  Ent.  Soc,  XII,  p.  296.  Packard,  1890,  5th  Report  U.  S.  Ent. 
Comm.,  p.  107. 
Neuroterus  batatus  Bassett,  1882,  Amer.  Nat.,  XVI,  p.  246.  Ashmead,  1887,  Trans. 
Amer.  Ent.  Soc,  XIV,  p.  132;  1890,  Colo.  Biol.  Assoc.  Bull,,  I,  p.  38.  Packard, 
1890,  5th  Report  U.  S.  Ent.  Comm.,  p.  109.  Beutenm^ller,  1892,  Bull. 
Amer.  Mus.  Nat.  Hist.,  IV,  p.  262,  PI.  xiii,  fig.  1;  1904,  Amer.  Mus.  Joum.,  IV, 
p.  107,  fig.  41;  1904,  Bull.  Amer.  Mus.  Nat.  Hist.,  XX,  p.  26;  1904,  Amer.  Mus. 
Nat.  Hist.  Guide  Leaf.  16,  p.  21,  fig.;  1910,  Bull.  Amer.  Mus.  Nat.  Hist., 
XXVIII,  p.  117,  PI.  VIII,  figs.  1-8.  Dalla  Torre,  1893,  Cat.  Hymen.,  II, 
p.  40.  Brodie,  1896,  Ann.  Report  Forest.  Ont.,  p.  117,  fig.  3.  Dalla  Torre 
•  AND  KiBFFER,  1902,  Gen.  Ins.,  Hymen.,  Cynip.,  p.  50.  Felt,  1906,  Ins.  Aff.  Pk.  & 
Woodl.  Trees,  II,  pp.  618,  624;  1918,  N.  Y.  State  Mus.  BuU.,  CC,  pp.  56,  58, 
fig.  54.  Stebbins,  1910,  Springfield  (Mass.)  Mus.  Bull.,  II,  p.  29.  Sbhth,  1910, 
Ins.  N.  J.,  p.  598.  Cook,  1910,  Mich.  Geol.  and  Biol.  Surv.  Publ.  1,  p.  31. 
Thompson,  1915,  Cat.  Amer.  Ins.  Galls,  pp.  6,  40,  PI.  i,  fig.  76.  Viereck,  1916, 
Hymen.  Conn.,  p.  384.  Lutz,  1918,  Field  Book  Ins.,  p.  464,  PL  xcvin,  fig.  4. 
Neuroterus  quercu-s-batatus  Dalla  Torre  and  Kieffer,  1910,  Das  Tierreich,  XXIV, 

p.  334,  fig.  55. 
[Neuroterus  batatus  Fullaway,  1911  —N.  padficus  Beutenmuller.] 

Range. — Canada  (Brodie).  New  Hampshire:  Wolfeboro.  Massachusetts: 
Auburn,  Boston,  Blue  Hills,  Marthas  Vineyard.  Rhode  Island:  Providence  (Thomp- 
son). Connecticut:  New  Haven  (Champlain,  Walden);  Waterbury  (Bassett). 
New  York:  Neperan,  Long  Island,  Staten  Island  (Beutenmuller).  New  Jersey: 
throughout  (Smith).  Virginia  (Riley).  Ohio  (Beutenmuller).  Illinois  (Beuten- 
muller).   Michigan  (Cook).    Colorado  (Ashmead). 

Neuroterus  batatus  form  bisezualis,  new  name 
Plate  XXIX,  Figures  8  and  9 

Female. — Almost  entirely  black  except  the  legs  and  antennae  which  are  yellowish 
and  brown;  areolet  large;  length  about  2.0  mm.  Head:  black;  mouth-parts  reddish; 
shagreened;  sparsely  hairy;  antennse  IS-jointed,  first  three  joints  yellowish,  the  re- 
maining joints  brownish;  hairy.  Thorax:  piceous  black,  shining,  very  finely  sha- 
greened, shrivelling  on  drying;  parapsidal  grooves,  anterior  parallel  lines,  etc.,  not 
present  or  sometimes  very  faintly  traceable;  scutellum  black,  broadly  oval,  finely 
shagreened,  sparsely  hairy;  a  distinct,  arcuate  depression  separates  the  scuteUum 
from  the  thorax;  pronotum  and  mesopleurae  reddish  piceous.  Abdomen:  reddish 
piceous  to  black,  smooth,  shining,  shrivelling  on  drying,  angular  in  outline,  as  deep 
as  long,  the  second  segment  extending  not  much  more  than  one-third  the  total 
length.  Legs:  dark  brown,  hairy,  yellowish  at  the  joints,  and  on  all  the  tarsi  and 
on  the  tibiae  of  the  first  and  second  pairs  of  legs.  Wings  :  large,  much  longer  than  the 
body,  clear;  veins  clear  brown;  areolet  large;  cubitus  reaches  the  basal  vein;  radial 
area  completely  open  on  the  margin;  first  abscissa  of  the  radius  angulate,  the  angle 
Uttle  more  than  a  right  angle  but  the  apex  high  upon  the  vein.   Length  :  1 .2-2.0  mm. 

Male. — Differs  from  the  female  as  follows:  head,  thorax,  and  abdomen  reddish 
to  light  piceous,  the  antennse  and  legs  entirely  yellow;  antennae  14-jointed,  the  third 
joint  curved;  abdomen  petiolate;  wings  yellowish,  the  veins  yellowish  brown,  areolet 
of  moderate  size;  length,  1.2-2.0  mm. 
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[Redescribed  from  New  England  specimens  compared  with  Bassett's  morpho- 
tj-pesj 

Galls. — Moderate-sized  swellings  (Figs.  8  and  9)  of  young  stems  and  petioles, 
essentially  the  same  as  the  galls  of  the  agamic  generation  (q.  v.),  but  differing  in 
being  often  much  smaller,  often  having  tufts  of  short,  wooUy  pubescence.  On  stems, 
petioles,  or  midveins  of  Quercua  alba. 

Types. — Bassett's  morphotype  females,  males,  and  galls  in  the  collections  of 
The  American  Museum  of  Natural  History,  of  the  Academy  of  Natural  Sciences  of 
Philadelphia,  and  of  the  Museum  of  Comparative  Zoology. 

In  1864  Bassett  reported  that  he  had  observed  for  a  number  of 
years  the  alternation  of  two  crop^  of  galls  on  a  small  tree  near  his  house. 
The  abundance  of  each  crop  in  turn  suggested  the  relationships  of  the 
two.  Moreover,  the  insects  proved  indistinguishable  except  through  a 
slight  difference  in  size  and  in  the  then  unexpected  condition  of  having 
only  females  in  the  winter  galls,  with  both  males  and  females  in  about 
equal  numbers  from  the  spring  galls.  Neither  Bassett  nor  later  workers 
have  actually  seen  the  oviposition  of  the  species,  nor  obtained  under  con- 
trolled conditions  the  gall  of  one  generation  from  an  egg  deposited  by  a 
female  of  the  previous  generation,  but  Bassett's  field  experience  is 
r^ularly  confirmed  by  later  collectors  of  gall-wasps.  I  have  examined 
material  from  the  Bassett  collection  which  shows  this,  also  photographs 
of  material  collected  by  Miss  Cora  Clarke,  and  a  quantity  of  material 
collected  and  bred  by  Millett  T.  Thompson.  This  latter  material  shows 
the  two  generations  often  close  together  on  successive  parts  of  the  same 
branch.  The  descriptions  here  given  are  made  from  a  study  of  many 
specimens  which  I  have  compared  with  the  Bassett  types.  No  previous 
separation  has  been  made  of  descriptions  of  the  two  forms  of  adults, 
and  the  gall  of  the  bisexual  generation  has  never  been  described  in 
detail,  nor  have  Latin  names  been  applied  to  distinguish  the  forms. 

The  galls  of  the  bisexual  generations  appear  about  the  middle  of 
May  and  the  adults  emerge,  in  about  equal  nmnbers  of  the  sexes,  by  the 
middle  of  June.  These  oviposit  in  the  new  wood  of  the  stem  on  which  the 
better-known  gall  of  the  agamic  generation  develops. 

Neurotenu  batatus  form  batatus  (Fitch) 

Plate  XXIX,  Figures  10  to  13 

Female. — Almost  identical  with  the  female  of  the  bisexual  generation,  but  with 
the  thorax  usually  less  wrinkled  and,  in  consequence,  the  anterior  parallel  lines  more 
evident.  The  insect  averages  slightly  larger  than  the  female  of  the  other  generation, 
the  abdomen  being  somewhat  less  angulate  in  outline.   Length  :  1 .7-2.2  mm . 

Galls. — Large,  woody,  stem  swellings  (Figs.  10  to  12).  Pol3rthalamous. 
Averaging  40X10  mm.,  often  larger;  tuber-like,  irregular,  but  usually  roughly  cylin- 
drical, elongate,  involving  stems  and  bases  of  petioles  on  terminal  twigs;  inseparable 
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from  the  rest  of  the  plant.  Bark-colored,  reddish,  purplish  brown,  or  with  a  glaucous 
bloom.  Internally  the  galls  are  solid,  woody,  the  larval  cells  scattered  irregularly, 
the  cell  walls  hardly  distinct  and  not  at  all  separable  from  the  surroimding  tissues. 
On  terminal  stems  of  Quercus  aJba  (not  known  definitely  from  any  other  species  of 
oak). 

Types. — Bassett  morphotype  females  and  galls  in  the  collections  of  The  American 
Museum  of  Natural  History,  the  Museimi  of .  Comparative  Zoology,  and  of  the 
Academy  of  Natural  Sciences  of  Philadelphia,  and  Fitch  cot3rpe  galls  in-the  Museum 
of  Comparative  Zoology. 

,  The  galls  of  this  generation,  because  they  remain  upon  the  tree  for 
the  longer  time  and  often  reach  the  larger  size,  are  the  better-known  of 
the  two  forms  of  this  species.  The  insects  live  in  the  galls  over  winter, 
emerging  late  the  following  April  or  early  in  May. 

The  very  great  similarity  of  the  adults  of  the  two  generations  of  this 
species  (except  for  the  agamy  in  the  winter  generation)  and  the  essen- 
tially identical  plan  of  the  galls  of  the  two  forms,  is  a  matter  of  great 
interest.  In  this  species,  as  in  Neuroterus  noxiosusj  we  find  as  simple  a 
case  of  alternation  of  generations  as  has  yet  been  recognized.  The 
differences  in  the  galls  are  very  evidently  due  to  seasonal  differences  of 
the  conditions  in  the  part  of  the  host  affected. 

Neuroterus  nozioBUB  (Bassett) 
In  most  of  the  following  references  both  generations,  at  least  of  the  gall,  are 

described  separately. 

[No  name]  Bassbit,  1873.  Can.  Ent.,  V,  p.  92;  Trans.  Ent.  Soc.  Lond.,  p.  xv. 

Cynips  noxioaa  Bassett,  1881,  Can.  Ent.,  XIII,  p.  108.  Packard,  1881,  U.  S.  Ent. 
Comm.  Bull.,  VII,  p.  57 

Neuroterus  noxiosus  Mayr,  1881,  Gen.  Gallenbew.  Cynip.,  p.  37.  Bassett,  1882, 
Amer.  Nal.,  XVI,  p.  246.  Ashmead,  1885,  Trans.  Amer.  Ent.  Soc.,  XII,  pp.  296, 
303.  Gillette,  1888,  27th  Report  Agric.  Mich.,  p.  471;  1889,  Psyche,  V,  p.  187. 
Packard,  1890,  5th  Report,  U.  S.  Ent.  Conmi.,  pp.  107,  109.  BEXTTENMt^LLSR, 
1892,  Bull.  Amer.  Mus.  Nat.  Hist.,  IV,  p.  262;  1904,  Amer.  Mus.  Joum.,  IV, 
p.  107,  fig.  42;  1904,  Bull.  Amer.  Mus.  Nat.  Hist.,  XX,  p.  27;  1904,  Amer.  Mus. 
Nat.  Hist.  Guide  Leaf.  16,  p.  21,  fig.;  1910,  Bull.  Amer.  Mus.  Nat.  Hist., 
XXVIII,  p.  118,  Pl.  IX.  Dalla  Torre,  1893,  Cat.  Hymen.,  II,  p.  44.  Dalla 
Torre  and  Kieffer,  1902,  Gen.  Ins.,  Hymen.,  Cynip.,  p.  51;  1910,  Das  Tier- 
reich,  XXIV,  p.  330.  Few,  1906,  Ins.  Aff.  Pk.  &  Woodl.  Trees,  II,  pp.  618,  624, 
711;  1918,  N.  Y.  State  Mus.  Bull.,  CC,  pp.  58,  84,  fig.  55.  Nason,  1906,  Ent. 
News,  XVII,  p.  8.  Stebbins,  1910,  Springfield  (Mass.)  Mus.  Bull.,  II,  p.  30. 
Smith,  1910,  Ins.  N.  J.,  p.  598.  Cook,  1910,  Mich.  Geol.  &  Biol.  Surv.  Publ.  1, 
p.  30.  Thompson,  1915,  Cat.  Amer.  Ins.  Galls,  pp.  6, 13, 41,  PI.  iv,  fig.  118  [not  PI. 
I,  fig.  16].  Viereck,  1916,  Hymen.  Conn.,  p.  391.  Lurz,  1918,  Field  Book  Ins., 
p.  464,  PI.  xcvin,  fig.  11. 

Neuroterus  noxiosa  Ashmead,  1887,  Trans.  Amer.  Ent.  Soc,  XIV,  p.  132. 

Range. — MavSsachusetts:    Everett  (Clarke);    Boston;    Amherst  (Thompson); 

Springfield  (Stebbins) ;  Marthas  Vineyard.    Rhode  Island:  Providence  (Thompson). 
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Connecticut:  New  Haven  (Champlain,  Walden);  Waterbury  (Baesett).  New 
York:  New  York  City  (Beutenmtiller) ;  Staten  Island  (W.  T.  Davis).  New  Jersey: 
Fort  Lee  (BeutenmOller);  New  Brunswick  (J.  B.  Smith).  Illinois:  Algonquin 
fNason).    Iowa  (Beutenmtiller).    Michigan:  Lansing  (Gillette). 

Neurotanu  nozioBiis  form  ▼omalii,  new  name 
Plate  XXLX,  Figures  14  to  16 

Female. — Head,  thorax,  and  abdomen  mostly  black;  antennae  yellowish,  shad- 
ing into  brown  toward  the  tip;  areolet  rather  small;  length  about  1.5  nmi.  Head: 
bbck,  shading  into  rufous  brown  on  the  lower  half  of  the  face  and  on  the  mouth- 
parts;  finely  coriaceous  to  punctate;  antennse  13-(  14-) jointed,  yellowish,  shading  mto 
brownish  toward  the  tips.  Thorax:  black,  or  piceous  black,  finely  coriaceous; 
without  more  than  very  faint  traces  of  anterior  parallel  lines,  parapsidal  grooves,  etc. ; 
aeutellum  black,  finely  coriaceous,  separated  from  the  mesonotum  by  a  deep,  distinct, 
arcuate  groove.  Abdomen:  black  or  piceous,  smooth  and  shining,  shrivelling  on 
drying,  angulate  in  outline;  the  second  segment  about  only  one-third  as  long  as  the 
whole  of  the  abdomen.  Legs:  light  golden  yellowish,  the  middles  of  the  femora,  the 
hind  coxae  and  tibiae,  and  the  tips  of  the  tarsi  dark  brown;  hairy.  Wings:  long, 
clear,  the  veins  light  brown  in  color,  areolet  moderately  small ;  cubitus  reaching  the 
midpoint  of  the  basal  vein;  radial  cell  long  and  narrow,  open  (rarely  in  small  part 
closed  on  the  margin) ;  the  first  abscissa  of  the  radius  angulate,  the  apex  of  the 
angle  above  the  middle  of  the  vein  and  without  a  very  distinct  projection  into  the 
radial  cell.   Length:  1.2-1.7  mm. 

Male. — Similar  to  the  female,  but  with  legs  and  antennse  entirely  yellowish; 
antcnns  14-jointed,  the  third  joint  curved;  the  first  abscissa  of  the  radius  showing  a 
slight  projection  into  the  radial  cell;  abdomen  small,  petiolate;  length,  1.0-1.4  nun. 

[Redescription  made  from  a  large  amount  of  New  England  material  which  was 
compared  with  the  types.] 

Galls. — Irregular  clusters  of  woody  swellings  (Figs.  14  to  16)  of  the  stems, 
petioles,  and  leaves.  Polythalamous.  The  whole  mass  roughly  about  20X40  mm. 
in  diameter  or  less,  inseparable  from  the  plant;  fist-like,  the  separate  parts  woody, 
indicating  the  separate  leaves  or  parts  of  leaves  involved,  and  bearing  a  small  portion 
of  deformed  leaves;  these  parts  are  united  by  the  deformed  petiole,  or  by  a  fused 
mass  of  petioles  or  young  twigs.  The  gall  is  bark-colored,  or  tinged  with  a  glaucous 
bloom.  Internally  the  larval  cells  are  crowded  closely  together,  the  cells  very  distinct 
but  not  separable  from  the  surrounding  woody  tissue.  On  the  yoimg  growth  of 
Quercus  Prinus  and  Q.  bicolor, 

Cotypes. — CJotype  females,  males,  and  galls  in  The  American  Museum  of  Nat- 
ural History,  the  Academy  of  Natural  Sciences  of  Philadelphia,  and  the  Museum  of 
Ck>mparative  Zoology. 

When  Bassett  first  described  this  species  he  gave  detailed  descrip- 
tions of  the  galls  of  the  two  generations  and  noted  differences  in  sizes  of 
the  adults.  The  specific  relations  of  the  two  generations  had  been  arrived 
at  through  the  field  observation  of  the  alternate  abundance  of  the  two 
forms  of  galls  and  the  close  similarity  of  the  adults  of  the  successive 
generations.  The  tremendous  abundance  of  this  species  locally  often 
gives  abundance  opportunity  for  observations.    (Tillette,  Beutenmiiller, 
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Miss  Clarke,  Thompson,  and  other  students  of  the  famUy  have  made 
observations  confirming  Bassett's  statements,  and  there  can  be  no  doubt 
of  the  regular  alternation  of  these  forms,  even  though  the  data  has  not 
been  checked  by  experimental  work.  This  was  the  fourth  and  last  in- 
stance of  heterogeny  discovered  by  Bassett. 

The  galls  of  this  form  appear  when  the  young  leaves  first  unfold  in 
May  and,  like  most  of  the  spring  galls  of  dimorphic  species,  grow  very 
rapidly  to  maturity.  The  adults  are  known  to  emerge  from  June  12  to 
July  5.  They  occur  in  about  equal  numbers  of  the  sexes:  I  counted 
276  females  and  233  males  in  one  lot  bred  by  Millett  T.  Thompson. 
After  fertilization  the  females  oviposit  in  the  new  wood  of  the  twigs, 
usually  not  far  from  the  galls  in  which  they  have  developed. 

Meurotanu  nozioBiu  form  nozioBUB  (Bassett) 
Plate  XXIX,  Figures  17  to  19 

Female. — Almost  identical  with  the  female  vemalis,  with  the  thorax  and  ab- 
domen more  piceous,  especially  at  the  base  of  the  abdomen;  the  anterior  parallel  lines 
on  the  mesonotmn  more  distinct,  the  abdomen  relatively  larger  and  more  angulate; 
the  wing  veins  slightly  darker  brown;  the  whole  length  1.6-2.0  nmi. 

Galls. — Irregular,  elongate,  woody  swellings  (Figs.  17  to  19)  of  young  stems  and 
sometimes  petioles.  Polythalamous.  About  60X10  nmi.,  roughly  cylindrical,  but 
often  very  irregularly  twisted,  etc.  Inseparable  from  the  plant.  Bark-colored,  usually 
with  a  glaucous  bloom.  Internally  the  gall  is  closely  packed  with  larval  cells  which  are 
distinct  but  not  separable  from  the  surrounding  woody  tissue.  On  the  newer  growth 
of  Quercus  hicotor^  Q.  PrinuSy  and  possibly  other  oaks. 

CoTYPES. — Cotype  females,  males,  and  galls  in  The  American  Museum  of 
Natural  History,  the  Academy  of  Natural  Sciences  of  Philadelphia,  and  the  Museum 
of  Comparative  2iOology. 

This  gall  is  the  better-known  form  of  the  species,  due  apparently  to 
its  longer  persistence  on  the  tree.  The  gall  very  closely  resembles  that  of 
Neuroterus  hatatus  batatus,  from  specimens  of  which  it  is  often  difficult  to 
distinguish  this  species.  The  more  highly  distinct  larval  cells  of  noxiosus 
is  often  a  good  basis  for  making  the  distinction.  The  most  certain  test, 
however^  is  the  species  of  the  host  plant,  noxiosus  being  confined  as  far  as 
known  to  Quercus  bicolor  and  Q,  PrinuSy  while  batatus  occurs  on  Q.  aJba. 
It  would  prove  interesting  to  try  to  induce  one  of  these  species  to  ovi- 
pK)sit  on  the  "wrong'*  species  of  oak,  and  to  observe  if  galls  and  what 
galls  were  produced. 

The  larvse  of  noxiosus  overwinter  in  the  galls,  emerging  the  follow- 
ing spring  from  March  24  through  April  to  early  May. 

Neuroterus  tectus  Bassett 
Neuroterus  tectus  Bassett,  1900,  Trans.  Amer.  Ent.  Soc,  XXVI,  p.  331.    Dalla 
Torre  AND  KiEFFER,  1902,  Gen.  Ins,  Hymen.,  Cynip.,  p.  51;  1910,  Das  Tier- 
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reich,  XXIV,  p.  337.    BeutenmCllkr,  1904,  Bull.  Amer.  Mus.  Nat.  Hist.,  XX, 

p.  26;   1910,  idem,  XXVIII,  p.  126,  PI.  xii,  figs.  1-2.    Smith,  1910,  Ins.  N.  J., 

p.  599.    Thompson,  1915,  Cat.  Amer.  Ins.  Galls,  pp.  5,  13,  41.    Viereck,  1916, 

Hymen.  Conn.,  p.  389.    Felt,  1918,  N.  Y.  State  Mus.  Bull.,  CC,  p.  56,  fig.  53, 

1-2. 

Range. — Massachusetts  (Thompson).    Rhode  Island:  Providence  (Thompson). 

Connecticut    (Bassett).   New  York    (Beutenmiiller).   New  Jersey    (Beutenmiiller). 

Pennsylvania  (Beutenmiiller). 

NeuroteruB  tectus  form  tectus  (Bassett) 
Plate  XXX,  Figures  20  to  22 
Female. — Mostly  piceous  black,  antennae  13-jointed,  wing-veins  brownish, 
areolet  only  moderately  large;  length  about  1.2  nmi.  Head:  piceous  or  piceous 
black,  mouth-parts  reddish  brown,  microscopically  coriaceous;  a  distinct  median 
elevation  on  the  face;  antennte  13-jointed,  dark  brown,  lighter  basally.  Thorax: 
piceous  or  piceous  black,  shining;  mesonotum  almost  entirely  smooth,  the  parap- 
sidal  and  other  grooves  lacking,  scutellum  roimded,  the  groove  at  the  base  broad  and 
deeply  arcuate;  pronotum  and  mesopleune  very  microscopically  coriaceous.  Ab- 
dombn:  Blackish,  piceous  basally,  shining,  triangular  in  outline.  Legs:  brownish, 
straw-brown  at  the  joints.  Wings:  narrow,  one-third  again  as  long  as  the  whole 
body;  veins  straw-brown,  distinct  but  not  heavy;  areolet  moderately  large  or  not 
large;  cubitus  continuous  to  the  basal  vein  which  it  meets  slightly  below  the  mid- 
point; radial  area  long  and  narrow,  open,  the  first  abscissa  of  the  radius  somewhat 
angulate  high  on  the  vein.    Length  :  1 .2-1 .5  mm . 

Male. — Similar  to  the  female,  but  with  the  antenme  lighter  colored,  the  third 
joint  slightly  curved,  the  abdomen  petiolate. 

[Redescribed  from  Thompson  material  bred  in  successive  generations,  and  from 
Bassett  cotypes.] 

Galls. — Small  swellings  (Figs.  20  to  22)  of  the  stems  of  flower  clusters,  of  petioles, 
or  of  yoimg  stems  of  oak.  Each  swelling  consists  of  closely-packed  clusters  of  thin- 
walled,  oval  larval  cells,  each  measuring  about  .7X1.2  mm.  with  a  thin  covering  of 
distorted  bark,  there  being  little  other  hypertrophied  tissue  present.  Usually  covered 
with  gray  pubescence.    On  Quercus  prinoides  (and  Q.  aXbaf). 

Cotypes. — Cotype  females,  males,  and  galls  in  The  American  Museum  of  Nat- 
ural History,  the  Academy  of  Natural  Sciences  of  Philadelphia,  and  the  Museum  of 
Comparative  Zoology. 

These  galls  are  ver>'  inconspicuous  productions,  hardly  to  be  ob- 
served until  the  tiny  exit  holes  made  by  the  insects  may  be  found  in  the 
stems  of  the  flower  clusters.  The  insects  emerge  late  in  May  and  early  in 
June,  after  only  a  month  spent  in  the  galls.  Bassett  found  the  adults 
mostly  emerged  by  June  10. 

Neurotenu  tectus  form  abundans,  new  name 
Female. — Closely  resembles  the  female  of  the  bisexual  generation,  but  has  the 
abdomen  darker  in  color  and  decidedly  larger  and  more  oval  rather  than  triangular. 
Length:  1.2-1.5  mm. 

Galls. — Not  certainly  identified.  Most  likely  swellings  very  similar  to  the  gaUs 
of  the  bisexual  generation,  but  on  the  midvein  of  the  young  leaves,  somewhat  dis- 
torting the  whole  leaf. 
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CoTYPES. — Cotype  females  in  The  American  Museum  of  Natural  History,  the 
Academy  of  Natural  Sciences  of  Philadelphia,  and  the  Museum  of  Ck)mparative 
Zoology. 

The  eggs  which  produce  this  form  of  the  species  are  laid  early  in 
June  by  the  female  of  the  bisexual  generation.  It  is  not  certain  what 
sort  of  galL?  are  produced.  Galls  of  the  above  description,  in  the  Thomp- 
son Collection,  belong,  I  beUeve,  to  the  females  ot  this  generation,  but 
the  data  was  not  distinctly  affixed.  From  what  is  known  of  the  life 
history  of  the  species,  it  is  evident  that  this  generation  lives  in  the  galls 
for  about  ten  and  a  half  months,  emerging  and  ovipositing  April  29 
(Bassett)  to  May  10  (Thompson).  As  far  as  known,  the  generation  is 
agamic.  The  females  very  closely  resemble  the  females  of  the  bisexual 
generation  but  are  readily  distinguishable  by  the  larger,  more  oval 
abdomen,  a  character  to  be  expected  in  the  agamic  generation. 

The  material  on  which  I  base  this  data  was  obtained  by  the  late 
Millett  T.  Thompson,  whose  collection  of  gall-insect«  is  now  in  the 
Museum  of  the  Boston  Society  of  Natural  History.  The  females  marked 
"F''  in  the  collection  were  found  ovipositing  May  10,  1907,  in  buds  of 
Querent  prinoides,  *the  points  of  oviposition  were  marked,  the  galls 
produced  were  bred  and  the  females  and  males  of  the  bisexual  genera- 
tion obtained.  This  material,  distinctively  labelled,  is  now  in  the  Boston 
Society  collections  and  in  the  author's  collections. 

These  observations  are  in  accord  with  those  made  by  Bassett  con- 
cerning the  similarity  of  the  two  generations  as  he  had  found  them,  but 
Bassett  did  not  mark  the  points  of  oviposition  of  the  agamic  form,  nor 
did  he  note  the  differences  in  the  two  generations  and  keep  them  sepa- 
rate in  his  collections.  The  female  ''tectus/^  as  Bassett  described  it,  was 
apparently  the  agamic  female,  but  the  description  of  the  abdomen  as 
"small,  in  outline  an  equilateral  triangle,"  applies  distinctly  to  the 
female  of  the  bisexual  generation;  while  among  the  Bassett  cotypes  are 
females  of  both  generations.  Inasmuch  as  the  male  and  the  distinctive 
gall  of  the  bisexual  generation  were  called  tectum,  I  use  that  name  to 
designate  that  generation,  and  abundans  describing  the  larger-bodied 
female,  for  the  agamic  generation. 

I  feel  fortunate  in  being  able  to  present  the  life  history  of  this  species, 
because  it  gives  another  instance  of  the  very  slight  differences  between 
the  successive  generations  of  the  species  of  Neuroterus  and,  further, 
bears  out  my  belief  that  alternation  of  generations  is  merely  a  development 
of  seasonal  dimorphism.  It  is  very  much  to  be  desired  that  we  closely 
observe  other  species  of  Neuroterus  and  try  to  discern  still  more  prim- 
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itive  instances  of  dimorphism,  or  of  a  double-brooded  condition  without 
an  accompanyinjic  heterogeny,  among  the  species  of  the  group. 

Andricus  futflis  (Osten  Sacken) 
Range. — Ontario  (Jarvis).  New  Hampshire:  Wolfeboro.  Massachusetts: 
Magnolia  (Clarke);  Boston,  Blue  Hills,  Sharon,  Marthas  Vmeyard;  Springfield 
(Stebbins).  Connecticut:  Waterbury  (Bassett).  New  York:  New  York  City 
(BeutenmOUer).  New  Jersey:  throughout  (Smith).  Pennsylvania:  Shawnee 
(Thompson).  District  of  Columbia:  Washington  (Osten  Sacken).  Maryland: 
Hummer's  Is.  (Weld).  Ohio:  Sandusky  (Sears).  Indiana  (Cook)  Illinois:  Fort 
Sheridan  (Weld).    Michigan:  Ionia  Co.  (Gillette). 

Andricus  futilis  form  futilis  (Osten  Sacken) 
Plate  XXX,  Figures  28  and  29 

Cynips  quercus  futilis  Osten  Sacken,  1861,  Proc.  Ent.  Soc.  Phila.,  I,  p.  64. 

Cynips  quercus  papiUata  Osten  Sacken,  1861,  idem,  I,  p.  64. 

Cynips  q.  futilis  Bassett,  1863,  Proc.  Ent.  Soc.  Phila.,  II,  p.  329;  1873,  Can.  Ent., 
V,  p.  92;  1873,  Proc.  Ent.  Soc.  Lond.,  p.  xv. 

Cyrdpsfutiilis  Osten  Sacken,  1865,  Proc.  Ent.  Soc.  Phila.,  IV,  p.  339. 

Cynips  futilis  Osten  Sacken,  1865,  idem,  IV,  pp.  346, 349, 352, 355. 

Cynips  papiUata  Osten  Sacken,  1865,  idem,  IV,  pp.  339, 346, 349, 352, 355 

Andrinis  futilis  Osten  Sacken,  1865,  idem,  IV,  p.  379.  Gillette,  1889,  Psyche,  V, 
p.  185.  Dalla  Torre,  1893,  Cat.  Hymen.,  II,  p.  88.  Jarvis,  1908,  Report 
Ent.  Soc.  Ont.,  p.  86,  PI.  B,  fig.  4.»  BEUTENiitJLLER,  1904,  Bull.  Amer.  Mus. 
Nat  Hist.,  XX,  p.  27;  1904,  Amer.  Mus.  Nat.  Hist.  Guide  Leaf.  16,  p.  13,  fig. 
Felt,  1906,  Ins.  Aff.  Pk.  &  Woodl.  Trees,  II,  p.  710;  1918,  N.  Y.  State  Mus.  Bull. 
CC,  p.  88,  fig.  83,  PI.  II.  fig.  3.  Cook,  1910,  Mich.  Geol.  &  Biol.  Surv.  Publ.  I, 
p.  27.   Sears,  1914,  Ohio  Nat.,  XV,  p.  381,  fig.  21. 

Andricus  papiUata  Osten  Sacken,  1865,  Proc.  Ent.  Soc.  Phila.,  IV,  p.  379. 

Andricus  (CaUirhytis)  futilis  Mayr,  1881,  Gen.  Gallenbew.  Cynip.,  p.  28.  Bassett, 
1882,  Amer.  Nat,  XVI,  p.  246.  Ashbojad,  1885,  Trans.  Amer.  Ent.  Soc.,  XII, 
pp.  294,  295.  Packard,  1890,  5th  Report.  U.  S  Ent.  Comm.,  p.  105.  Beutbn- 
MtJLLBR,  1892.  Bull.  Amer.  Mus.  Nat.  Hist.,  IV,  p.  254,  PI.  ii,  fig.  1.  Viereck, 
1916,  Hymen.  Conn.,  p.  433. 

Cynips  (Andricus)  papiUata  Packard,  1881,  U.  S.  Ent.  Comm.  Bull.,  VII,  p.  56 

Cynips  (Andricus)  futilis  Packard,  1881,  U.  S.  Ent.  Comm.  Bull.,  VII,  p.  56. 

Andricus  (CaUirhytis)  papiUaius  Ashmead,  1885,  Trans.  Amer.  Ent.  Soc,  XII,  p.  295. 
Packard,  1890,  5th  Report  U.  S.  Ent.  Comm.,  p.  105.  BEUTENntyLLER,  1892, 
Bull.  Amer.  Mus.  Nat.  Hist.,  IV,  p.  255. 

CaUirhytis  futUis  Ashmead,  1885,  Trans.  Amer.  Ent.  Soc,  XII,  p.  303;  1887,  idem. 
XIV,  p  129.  Bassett,  1889,  Psyche,  V,  pp.  235-237.  Packard,  1890,  5th 
Report  U.  S.  Ent.  Comm.,  p.  109.  Riley,  1895,  Sci.,  I,  p.  461 ;  1895,  Proc.  Ent 
Soc.  Wash.,  Ill,  p.  261.  Dalla  Torre  and  Kieffer,  1910,  Gen.  Ins.,  Hymen., 
Cynip.,  p.  66.  Smith,  1910,  Ins.  New  Jersey,  p.  601.  Siebbins,  1910,  Spring- 
field (Mass.)  Mus.  Bull.,  II,  p.  27.  Thompson,  1915,  Cat.  Amer.  Ins.  Galls, 
p.  13,  PL  V,  fig.  49.   LuTZ,  1918,  Field  Book  Ins.,  p.  462,  PL  xcvi,  fig.  4. 

CaUirhytis  papUlatus  Ashmead,  1887,  Trans.  Amer.  Ent.  Soc,  XIV,  p.  129.  Cook, 
1902,  Ohio  Nat.,  II,  p.  269,  fig.  30;  1903,  idem,  III,  p.  427,  fig.  64;  1904,  idem, 
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IV,  pp.  119,  124,  126,  127,  133,  141,  143,  figs.  81,  107.  Smith,  1910,  Ins.  N.  J^ 

p.  601.    Thompson,  1915,  Cat.  Amer.  Ins.  Galls,  p.  13,  PI.  iv,  fig.  57.    Lurz, 

1918,  Field  Book  Ins.,  p.  462,  PL  xc\a,  fig.  7. 
Andricus  papUkUus  Packard,  1890,  5th  Report  U.  S.  Ent.  Comm.,  p.  109.    Dalla 

Torre,  1893,  Cat.  Hymen.,  II,  p.  93.    BEUTENMttLLER,  1904,  Bull.  Amer.  Mus. 

Nat.  Hist.,  XX,  p.  28;     1904,  Amer.  Mus.  Nat.  Hist.  Guide  Leaf.  16,  p.  14, 

fig.     Cook,    1905,   29th   Report  Geol.  &   Nat.   Res.   Ind.,  p.  827,  fig.  20. 

Felt,  1906,  Ins.  Aflf.  Pk.  &  Woodl.  Trees,  II,  p.  712;  1918,  N.  Y.  State  Mus. 

Bull.,  CC,  p.  88,  PI.  II,  fig.  6. 
Callirhytis  papUkUa  Dalla  Torre  and  Kieffer,  1910,  Gen.  Ins.,  Hjrmen.,  Cynip., 

p.  66.    Stebbins,  1910,  Springfield  (Mass.)  Mus.  Bull.,  II,  p.  31. 
Callirhytis  quercus-futilis  Dalla  Torre  and  Kieffer,  1910,  Das  Tierreich,  XXIV,  p. 

584,  fig.  325. 
Callirhytis  quercus-papiUaia  Dalla  Torre  and  Kieffer,    1910,  Das  Tierreich, 

XXIV,  p.  584. 
Dryophanta  papula  [error]  Thompson,  1915,  Cat.  Amer   Ins.  Galls,  p.  13,  PI.  iv, 

fig.  270. 
f  Neuroterus  sp.  [error]  Thompson,  1915,  idem,  p.  59,  PI.  xv,  fig.  15. 
[Ajidricus  papillatus  J ARviSf  1908,  Report  Ent.  Soc.  Ont.,  p.  91;    1909,  idem,  p. 

87,  PI.  c,  fig.  5  =  wrong  determination.] 

Female. — Generally  reddish  brown  or  piceous,  antennae  yellow,  darker  apically ; 
mesopleune  in  part  smooth  and  shining;  wing-veins  light  brown,  areolet  small; 
length  about  1.5  mm.  Head:  golden  to  dark,  reddish  brown,  brightest  on  the  face, 
darker  toward  the  mouth,  mouth-parts  golden;  coriaceous;  antennse  14-iointed, 
golden  yellow,  darker  apically,  hairy.  Thorax:  dark  reddish-  or  piceous-brown; 
mesonotum  regularly  coriaceous;  parapsidal  grooves  continuous  to  the  pronotum, 
convergent  at  the  scutellum;  median  groove  indistinct  beyond  the  middle  of  the  meso- 
thorax,  anterior  parallel  lines  indistinct,  extending  half  the  length  of  the  mesothorax; 
lateral  grooves  shallow,  indistinct;  scutellum  rugose,  two  shallow  fovete  at  base  finely 
rugose ;  pronotum  and  mesopleurse  finely  rugose,  the  latter  in  part  smooth  and  shining. 
Abdomen:  golden,  rufous,  or  rufo-piceous,  brighter  basally,  smooth  and  shining, 
the  second  segment  covering  only  about  half  the  abdomen.  Legs:  reddish  brown, 
hairy,  the  tarsal  claws  simple.  Wings:  narrow,  veins  brownish  yellow,  not  heavy; 
areolet  small;  cubitus  faint,  hardly  reaching  the  basal  vein,  radial  cell  jOng  and  nar- 
row, open;  the  first  abscissa  of  the  radius  slightly  angulate.    Length:   1.5-2.0  mm. 

Male. — ^Differs  from  the  female  in  being  darker,  the  anteniwe  15-iointed,  the 
second  abdominal  segment  larger. 

[Redescribed  from  bred  Massachusetts  material,  galls  and  males  compared  with 
types.] 

Galls. — ^Blister-like  swellings  (Figs.  28  and  29)  of  the  leaf-blades,  more  or  less 
globular,  projecting  only  slightly  on  the  upper  surfaces,  projecting  in  about  half  a 
hemisphere  on  the  lower  surfaces.  Leaf-color,  sometimes  surrounded  by  a  reddish 
ring  on  the  surface  of  the  leaf;  about  3-7  mm.  in  diameter.  Thin-shelled,  hollow, 
with  usually  2  or  3  small  larval  cells,  distinct,  central,  connected  with  the  outer  wall 
of  the  gall  by  fine,  silky,  radiating  fibers.  On  leaves  of  Querctis  albOf  Q.  hicolorf  Q. 
prinoides,  Q.  Prinus,  and  Q.  steUata. 

CoTYPES. — Cotype  males  and  galls  of  both  futilis  and  papillattts  in  the  Museum 
of  Comparative  Zoology,  and  "type"  galls  in  The  American  Museum  of  Natural 
History. 


Digitized  by 


Google 


1920]  Kinsey,  Life  Hiatories  of  American  Cynipidif  343 

Oaten  Sacken  did  not  feel  certain  of  the  specific  differences  of  futilis 
and  of  papillatus;  the  main  reason  for  which  the  two  have  been  kept 
distinct  is  the  reddish  ring  sometimes  found  around  the  galls  called 
papiUaiuSf  and  the  different  host  plants  of  the  two.  I  have  compared 
the  types  of  the  two  species  and  believe  them  to  be  identical.  At  the 
most,  papillaius  may  be  a  host  variety  of  fiUilis.  As  far  as  I  can  dis- 
cover, the  female  of  this  species  has  not  been  previously  described.  It  is 
quite  variable  as  to  shade  of  coloring. 

The  galls  oifviilis  are  first  discernible  about  the  middle  of  May,  and 
are  then  to  be  found  often  very  abundantly,  on  the  white  oak  especially, 
sometimes  occurring  in  numbers  on  a  single  leaf.  The  galls  are  at  first 
so  succulent  that  they  are  not  easily  bred;  they  should  be  gathered 
late  in  June  and  be  placed  directly  on  moist  sand.  The  adults  emerge 
from  the  last  of  June  to  the  middle  of  July,  leaving  the  empty  galls  now 
dry,  hard^  and  brittle.  The  insects  are  positively  geotropic  and,  after 
copulation,  oviposit  in  the  bark  of  the  roots  or  the  bases  of  the  trunks  of 
the  white  oaks. 

Andricus  futilis  form  radidcola  (Dalla  Torre) 

Plate  XXX,  Figure  27 

CaUirhytia  radicis  {non  Fabricius,  1798)  Bassbtt,  1889,  Psyche,  V,  p.  237.    Dalla 

ToRBE  AND  KiEFFBR,  1902,  Gen.  Ins.,  Hjrmen.,  Cynip.,  p.  66.  Smfth,  1910,  Ins. 

N.  J.,  p.  601.    Dalla  Torre  and  Kiepper,  1910,  Das  Tierreich,  XXIV,  p.  571. 

Felt,  1908,  N.  Y.  State  Mus.  BuU.,  CC,  p.  54 
Andricus  radidcola  Dalla  Torre,  1893,  Cat.  Hymen.,  II,  p.  95. 
Andricus  (Callirhytis)  radicis  Viereck,  1916,  Hymen.  Conn.,  p.  426. 

Female. — Bright  rufous  and  darker  rufo-piceous;  mesopleurse  mostly  aciculate 
with  some  smooth  and  shining  areas;  abdomen  with  a  ring  of  dense,  whitish  hairs  at 
the  base;  areolet  of  moderate  size.  Head:  bright  rufous  to  dark  piceous,  slightly 
darker  on  the  vertex;  tips  of  mandibles  piceous;  very  finely  rugose,  the  face  from  the 
bases  of  the  mandibles  to  the  tips  of  the  jaws  densely  hairy,  rest  of  the  head  finely 
pubescent;  antenna;  14-jointed,  remarkably  short,  uniformly  yellowish  rufous  or 
rufous,  or  somewhat  darker  distally,  densely  hairy.  Thorax:  bright  reddish  to 
reddish  brown  or  dark  piceous,  variable;  mesonotum  brightest  in  the  center  toward 
the  scutellum,  densely  rugoso-punctate,  somewhat  striate  toward  the  sides;  parap- 
aidal  grooves  continuous  to  the  pronotum,  convergent  toward  the  scutellum,  deep, 
hardly  smooth;  median  groove  deep  at  the  scutellum,  traceable  beyond  the  middle  of 
the  mesothorax  to  the  pronotum;  anterior  parallel  lines  close  together,  smooth,  ex- 
tending half-way  to  the  scutellum;  lateral  lines  smooth,  two-thirds  the  length  of  the 
mesothorax,  approaching  the  parapsidal  grooves  anteriorly.  Scutellum  almost 
circular,  brighter  rufo-piceous,  irregularly  rugose,  the  two  distinct  fovea*  at  the  base 
smooth;  pronotum  piceous,  rufous  anteriorly,  rugose,  hairy;  mesopleurae  piceous  black, 
mostly  aciculate,  smooth  and  shining  along  the  posterior  and  the  ventral  edges; 
bright  rufous  at  the  bases  of  the  wings.  Abdomen:  bright  rufo-piceous,  brighter 
basally;  smooth  and  shining,  two  lateral  patches  and  a  ring  of  dense,  whitish  hairs  at 
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the  base  of  the  second  segment;  this  segment  covering  two-thirds  of  the  abdomen, 
and  somewhat  produced  dorsally  Legs:  rufous,  the  coxae  piceous  basally,  the  hind 
coxae  almost  entirely  piceous;  hairy,  hairs  densest  on  the  tarsi;  tarsal  claws  simple. 
Wings:  slightly  tinged  with  yellowish,  the  veins  light  yellowish  or  almost  colorless, 
except  the  subcostal  and  basal  veins  and  the  first  abscissa  of  the  radius  which  are 
light  brownish  yellow;  areolet  of  moderate  size  or  moderately  large;  cubitus  very 
faint,  not  reaching  the  basal  vein;  radial  cell  open,  broad;  first  abscissa  of  the  radius 
angulate,  not  sharply  so,  without  a  projection  into  the  radial  cell.  Length:  2.7- 
3.7  mm. 

[Redescribed  from  Bassett  material  bred  from  root-galls,  and  taken  ovipositing 
in  white  oakbuds.j 

Galls. — Larval  cells  (Fig.  27)  in  the  scurfy  bark  of  the  roots  or  the  basal  portions 
of  the  trunks  of  oaks.  The  cell-wall  is  distinct  but  inseparable  from  the  surrounding 
bark-tissue  which  does  not  seem  to  have  much  new  tissue  developed,  but  is  distorted 
to  cover  the  larval  cell,  forming  pustules  about  3-4  vam.  in  diameter.  On  the  same 
species  6f  oak,  most  likely,  on  which /u^i/w  occurs. 

In  1873  Bassett  reported  finding  a  number  of  wasps  of  an  unknown 
species  ovipositing  in  the  buds  of  white  oaks,  which  trees  bore,  at  a 
later  date,  quantities  of  the  galls  olfuiilis.  This  alone  was  not  sufficient 
evidence  to  warrant  conclusions,  for  ftUilis  is  often  exceedingly  abundant 
on  the  majority  of  Q.  alba  trees  in  a  region.  But  by  1889  he  was  able  to 
report  a  more  complete  life  history  of  the  species.  He  had  found  hun- 
dreds of  females  which  agreed  with  those  he  had  bred  from  root-galls  ovi- 
positing in  the  buds  of  trees  which  later  bore  fiUilis-gSilh  in  abundance 
and  only  those  galls.  This  evidence  for  the  relation  of  the  root  gall  to 
the  fuiiliS'gBM  does  not  invite  much  doubt.  The  agamic  form  which  had 
come  from  the  root-galls  was  described  as  radicis. 

The  eggs  which  produce  this  form  were  laid  in  the  bark  during  July. 
Because  of  the  difficulty  of  finding  these  inconspicuous,  subterranean 
galls,  little  is  known  of  the  form  until  it  emerges  as  an  adult  the  follow- 
ing spring,  from  April  22  to  Arpil  25  and  likely  later.  At  such  times  they 
are  often  found  ovipositing  in  the  buds  of  the  white  oaks,  on  the  new 
leaves  of  which  the/ti/z7is-galls  will  appear. 

In  1895  (Proc.  Ent.  Soc.  Washington,  III,  p.  261)  Riley  reported  the 
rearing  of  futilis  galls  by  Pergande  from  buds  which  he  had  observed 
being  pricked  by  several  females  of  a  cynipid  which  Ashmead  identified  as 
Callirhyhs  davula,  Riley  suggested,  therefore,  that  Bassett's  observa- 
tions were  in  error  because  of  mieidentification.  On  the  other  hand,  it  is 
to  be  noted  that  the  value  of  Riley's  record  depends  on  the  correctness 
of  Ashmead's  identification.  I  have  carefully  examined  numbers  of  the 
very  specimens  on  which  Bassett  based  his  report,  and  they  are  available 
to  others  who  wish  to  study  them.  I  cannot  see  any  specific  diifcrences 
between  the  individuals  bred  from  root-galls  and  those  marked  as  ''ovi- 
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positing  in  Q.  alba  buds,  April  22, 1889."  Moreover,  my  own  experience 
with  C.  clawla  leads  me  to  doubt  the  correctness  of  Riley's  report.  I 
know  of  no  published  dates  of  the  emergence  of  that  species  but,  having 
collected  many  hundreds  of  the  j^alls,  examining  them  for  enclosed  larvae 
or  adults  regularly  for  a  couple  of  years,  I  have  found  nothing  to  suggest 
that  the  imago  emerges  before  the  middle  or  last  of  July,  at  whi^h  time 
(July  27)  I  have  been  successful  in  obtaining  several  adults.  Mr.  Lewis 
H.  Weld  and  Wm.  Beutenmiiller  have  kindly  confirmed  my  experience 
by  similar  records  from  their  own  observations,  July  12  to  July  30  being 
the  emergence  dates  from  their  breedings.  It  is  not  likely  that  Riley's 
insects^  found  ovipositing  three  months  earlier  than  cinvula  emerges, 
could  be  that  species.  I  have  no  doubt  that  there  is  an  error  in  Riley's 
report  and  that  Bassett's  observations  of  this  species  are  correct. 

Andricus  operator  (Osten  Sacken) 
Range. — Canada:  Ottawa  (Beutenmtdler).  Massachusetts:  Boston  (Clarke); 
Blue  Hills,  Sharon;  Springfield  (Stebbins).  Rhode  Island:  Providence  (Thompson). 
Connecticut:  Waterbury  (Bassett).  New  York:  Sullivan  Co.  (Beutenmiiller); 
Staten  Island  (W.  T.  Davis).  New  Jersey:  Plainfield,  New  Brunswick,  Mill  town, 
Davis,  Homerstown  (in  Coll.  Amer.  Mus.  Nat.  Hist.).  Pennsylvania  (BeutenmiUler). 
District  of  Columbia  (Osten  Sacken).   Illinois  (Walsh). 

Andricus  operator  form  operator  (Osten  Sacken) 
Plate  XXXI,  Figure  32 

Cynips  quercus  operator  Osten  Sacken,  1862,  Proc.  Ent.  Soc.  Phila.,  I,  p.  256. 

Cynips  q.  operator  Bassett,  1863,  Proc.  Ent.  Soc.  Phila.,  II,  p.  332;  1864,  idem.  III, 
pp.  197,  198.  Wai£h,  1864,  Proc.  Ent.  Soc.  Phila.,  II,  p.  494.  Basseti,  1873, 
Can.  Ent.,  V.,  pp.  91,  93,  94;  1877,  Can.  Ent.,  IX,  p.  121.  Riley,  1873,  Amer. 
Nat.,  VII,  p.  519.  Howard,  1882,  Psyche,  III,  p.  329.  Packard,  1890,  5th 
Report  U.  S.  Ent.  Comm.,  p.  11. 

Cynips  operator  Osten  Sacken,  1865,  Proc.  Ent.  Soc.  Phila.,  IV,  pp.  341,  346,  350, 
357. 

[No  name)  Basseit,  1880,  Can.  Ent.,  XII,  p.  170. 

Andricus  (CaUirhytis)  operator  Mayr,  1881,  Gen.  Gallenbew.Cynip.,p.28,  Bassett, 
1882,  Amer.  Nat.,  XVI,  p.  246.  Ashmead,  1885,  Trans.  Amer.  Ent.  Soc,  XII, 
p.  294.  Packard,  1890,  5th  Report  U.  S.  Ent.  Conmi.,  p.  105.  Viereck,  1916, 
Hymen.  Conn.,  p.  429. 

CaUirhytis  operator  Ashmead,  1885,  Trans.  Amer.  Ent.  Soc,  XII,  p.  304;  1887,  idem, 
XIV,  p.  131.  Packard,  1890,  5th  Report  U.  S.  Ent.  Comm.,  p.  110.  Riley, 
1895,  Sci.,  I,  p.  463.  Dalla  Torre  and  Kieffer,  1902,  Gen.  Ins.,  H3rmen., 
Cynip.,  p.  66.  Stebbins,  1910,  Springfield  (Mass.)  Mus.  Bull.,  II,  p.  25,  fig. 
47.  Smith,  1910,  Ins.  N.  J.,  p.  601.  Thompson,  1915,  Cat.  Amer.  Ins.  Galls, 
pp.  11, 30,  PI.  II,  fig.  169.   Felt,  1918,  N.  Y.  State  Mus.  Bull.,  CC,  p.  72. 

Andricus  operator  Dalla  Torre,  1893,  Cat.  Hymen.,  II,  p.  92.  Bassett,  1900, 
Trans.  Amer.  Ent.  Soc,  XXVI,  p.  315.  Felt,  1906,  Ins.  Aflf.  Pk.  and  Woodl. 
Trees,  II,  pp.  618,  622,  713. 
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CaUvrkytis  quercus-operator  Dalla  Torre  and  Kieffer,  1910,  Das  Tierreich,  XXIV, 

p.  682. 

Female. — Grenerally  bright  brownish,  rufous,  median  groove  essentially  lacking; 
several  of  the  wing-veins  very  faint,  the  terminal  portion  of  the  subcosta  almost 
lacking,  areolet  closed.  Head:  bright  brownish  rufous,  darker  toward  the  cheeks 
and  vertex,  tips  of  mandibles  piceous;  finely  shagreened,  a  broad  median  elevation  on 
the  face;  antennse  12-13-iointed,  the  last  division  sometimes  obscure,  uniformly 
light  brownish  rufous,  glabrous,  the  first  Joint  obconical,  the  second  ovate,  the  third 
elongate  and  the  longest  segment.  Thorax:  bright  brownish  rufous,  irregularly 
darker  in  places;  glabrous;  the  mesonotum  finely,  shallowly  shagreened;  parapsidal 
grooves  punctate,  widely  separated,  hardly  at  all  convergent  at  the  scutellum,  diver- 
gent at  the  pronotum;  median  groove  faint  or  lacking;  anterior  parallel  lines  fine,  not 
very  distinct,  extending  half-way  to  the  scutellum;  lateral  grooves  almost  parallel 
to  the  parapsides,  extending  over  half  the  way  to  the  pronotum.  Scutellum  rather 
circular,  rugose,  the  two  fovese  broad,  deep,  shining  but  sparsely  rugose,  separated 
by  only  a  fine  ridge;  pronotum  finely  punctate-shagreened,  the  mesopleursD  finely 
shagreened  to  striate  ventrally.  Abdomen:  rich  rufous,  brighter  basally,  darker 
apically  and  dorsally,  essentially  smooth  and  shining,  very  microscopically  punctate; 
the  second  segment  covering  two-thirds  of  the  abdomen;  the  sheaths  of  the  ovipositor 
pointing  almost  vertically.  Legs:  rather  uniformly  rufous  brown;  the  tarsal  daws 
darker,  simple.  Wings:  clear,  the  wing- veins,  especially  on  the  basal  half  of  the 
wings,  light  brown,  terminal  portion  of  the  subcosta  very  faint  or  lacking;  areolet 
closed;  cubitus  not  reaching  the  basal  vein;  the  radial  cell  open;  the  first  abscissa 
of  the  radius  angulate,  the  angle  about  120**,  without  a  projection  into  the  radial  cell. 
Length:  2.2-2.5  mm. 

Male. — Similar  to  the  female,  but  more  generally  yellowish  rufous,  the  antenne 
light  yellowish  rufous,  14-jointed,  the  third  joint  incised  beneath;  the  abdomen 
bright  yellowish  rufous  basally,  almost  black  posteriorly,  smaller  and  more  slender, 
the  second  segment  covering  most  of  the  abdomen;  length,  1.7-2.2  nmi. 

[Redescribed  from  Massachusetts  material  bred  in  a  series  of  over  600  individu- 
als.) 

Galls. — ^Large,  compact  masses  (Fig.  32)  of  wool  containing  seed-like  larval 
cells.  The  clusters  are  irregular  in  shape,  often  oval,  4X5.5  cm.,  more  or  less,  in 
dimensions,  the  hairs  at  first  crisp,  succulent,  greenish,  white,  or  rose-tinged,  some- 
times deep  red,  becoming  yellowish  brown  with  age,  finally  weathering  bluish  gray 
or  black  and  drying  into  a  shrivelled  mass.  Within  the  wool,  scattered  or  in  small 
clusters,  are  the  larval  cells,  hard  and  rather  thick-walled,  oval,  about  1.5X3  mm., 
distributed  mostly  but  not  entirely  toward  the  center  of  the  gall.  On  and  involving 
the  young  terminal  stems,  new  clusters  of  leaves,  and  especially  the  flower  clusters  of 
Quercus  coccineay  Q.  Uicifolia^  Q.  marylandica^  Q.  palustris^  Q.  rubra,  Q.  velutina,  and 
likely  related  oaks. 

Cotypes. — Cotype  females  and  galls  in  the  Museum  of  Comparative  Zoology. 

The  gall  of  this  form  is  a  very  abundant  early-spring  gall  in  scrub- 
oak  country,  appearing  with  the  flowers  of  the  oaks  about  the  middle  of 
May  and  growing  rapidly.  It  should  not  be  gathered  for  breeding  until 
after  the  first  of  June,  for  it  is  succulent  when  first  formed  and  dries  and 
dies  unless  nearly  mature  when  gathered.    The  woolly  hairs,  Baasett  has 
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pointed  out,  are  merely  a  much  modified  leaf  pubescence.  The  galls, 
after  the  emergence  of  the  adults,  become  much  the  worse  for  weathering 
and  by  autumn  only  fragments  of  the  wool  remain  upon  the  trees.  The 
galls  often  bring  great  numbers  of  the  insects  to  maturity;  from  three 
galls  I  obtained  578  adults  which  emerged  from  June  9  to  June  30.  The 
sexes  are  produced  in  about  equal  numbers.  The  females,  as  Bassett 
discovered,  deposit  the  eggs  in  the  acorns  of  the  scrub-oaks,  inserting 
the  ovipositor  between  the  nut  and  the  cup  of  the  very  small,  young 
acorns.    The  gall  produced  is  the  form  operatola, 

Andricus  operator  form  oparatola  (Bassett) 
Plate  XXXI,  Figures  30  and  31 
Cynips  q,  operatola  Riley,  1873,  Amer.  Nat.,  VII,  p.  519   [Adult  not  describedl. 
CaUirhylis  operatola  Riley,  1895,  Sci.,  I,  p.  463.  Thompson,  1915,  Cat.  Amer.  Ins. 

Galls,  pp.  21,  30,  PI.  II,  fig.  169. 
Andricus  operatola  Bassett,  1900,  Trans.  Amer.  Ent.  Soc,  XXVI,  p.  315     [Adult 
first  described].  Dalla  Torre  and  Kieffer,  1902,  Gen.  Ins.,  Hymen.,  Cynip.,  p.  62; 

1910,  Das  Tierreich,  XXIV,  p.  550.    BEUTENMtJLLER,  1913,  Bull.  Brooklyn  Ent. 

Soc.,  VIII,  p.  103,  fig.  8.    ViERECK,  1916,  Hymen.  Conn.,  p.  418. 
Andricus  operator  form  operatola  Felt,  1906,  Ins.  AfF.  Pk.  and  Woodl.  Trees,  II,  p.  709. 
CaUirhyiis  operator  Stebbins,  1910,  Springfield  (Mass.)  Mus.  Bull.,  II,  p.  26,  fig.  48. 
Andricus  operator  Felt,  1918,  N.  Y.  State  Mus.  Bull.,  CC,  p.  118,  PI.  ii,  fig.  5. 

Female. — Generally  rufous;  median  groove  faint  or  lacking;  mesopleurse 
rather  heavily  aciculated;  second  abdominal  segment  hairy;  several  wing-veins  faint, 
the  terminal  portion  of  the  subcosta  lacking.  Head  :  rufous,  the  tips  of  the  mandibles 
piceous;  coriaceous  or  shagreened;  face  and  cheeks  finely  hairy;  antennse  rufous, 
irregularly  marked  brown,  12-13-jointed,  third  joint  the  longest,  twelfth  joint  obscurely 
divided.  Thorax:  bright  rufous,  irregularly  darker  on  the  anterior  parallel  lines, 
at  the  edges  of  the  thoracic  plates,  and  elsewhere;  mesonotum  pimctate  to  finely 
rugulose,  with  appressed  hairs;  parapsidal  grooves  punctate,  widely  separated  and 
hardly  convergent  at  the  scutellum,  divergent  at  the  pronotum;  median  groove  very 
faint  or  lacking;  anterior  parallel  lines  extending  half-way  to  the  scutellum;  the 
lateral  grooves  sinuous,  short  and  smooth;  scutellum  almost  circular,  rugose  hairy, 
the  fovese  at  the  base  are  shining  but  sparsely  rugose,  separated  by  a  not  broad 
ridge;  pronotum  coriaceous;  the  mesopleurae  rather  heavily  aciculated.  Abdomen: 
bright  rufoiis,  brightest  basally,  darker  dorsally  and  posteriorly,  essentially  smooth 
and  shining,  only  microscopically  punctate,  the  second  segment  with  appressed  hairs 
basally  and  largely  over  the  sides;  second  segment  covering  three-quarters  of  the 
abdomen,  considerably  produced  dorsally.  Legs:  rufous,  not  uniformly  so,  hairy, 
the  tarsal  claws  darker,  simple.  Wings:  veins  reddish  brown,  the  terminal  part  of 
the  subcosta  faint  or  lacking,  the  second  abscissa  of  the  radius,  the  cubitus,  and  the 
discoideus  very  faint;  areolet  rather  small  or  lacking;  the  cubitus  continuous  to  the 
basal  vein  but  hardly  apparent;  the  radial  cell  open;  the  first  abscissa  of  the  radius 
angulate,  the  angle  about  120**  without  a  projection  into  the  radial  cell.  Length: 
3.2-3.5  nun. 

[Redescribed  from  material  Bassett  found  ovipositing  May  4,  187.3,  to  produce 
the  woolly  gall.] 
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Gall. — ^A  small,  seed-like  gall  (Figs.  30  and  31}  at  the  base  of  the  nut  of  the  acom» 
inside  the  cup.  The  gall  suggests  a  development  of  the  aborted  ovule  of  the  acorn, 
but  sometimes  five  or  six  occur  in  a  single  acorn.  It  is  a  compressed,  inverted  cone  in 
shape,  about  5  mm.  high  by  4  mm.  in  diameter,  larger  or  smaller,  and  is  thin-walled, 
the  larval  cell  occupying  most  of  the  gall.  In  the  acorns  of  Quercus  Uicifolia  and  of 
the  other  red  oaks  on  which  the  bisexual  form  occurs. 

CoTYFES. — In  the  collections  of  The  American  Museum  of  Natural  History  and 
of  the  Academy  of  Natural  Sciences  of  Philadelphia. 

The  agamic  female  is  in  many  detailed  respects  quite  similar  to  the 
female  operator.  It  is  similar  in  head  and  thoracic  sculpture,  peculiari- 
ties of  coloration,  wing  venation,  etc.,  and  is  to  a  certain  extent  merely  an 
enlarged  edition  of  operator,  with,  of  course,  enough  "specific"  differ- 
ences. The  most  remarkable  character  of  the  heterogeny  of  this  species 
really  lies  in  the  very  great  differences  of  the  galls  of  the  two  generations, 
and  even  this  does  not  appear  so  remiirkable  when  one  considers  the 
totally  different  natures  of  the  parts  of  the  plant  affected. 

The  gall  of  operatola  usually  escapes  detection  until  the  fall,  when  the 
growing  gall  projects  beyond  the  rim  of  the  acorn  cup  and  often  splits  or 
otherwise  deforms  the  nut  of  the  acorn.  These  galls  fall  to  the  ground, 
sometimes  fixed  in  place,  more  often  broken  out  of  the  fiiiit,  so  that 
acorns  bearing  the  scars  of  the  galls  may  be  found  abundantly  under 
scrub-oaks.  The  galls  are  highly  parasitized  and  are  often  much  damaged 
by  wintering  on  the  ground — another  instance  of  the  poor  quality  of  the 
* 'protection"  afforded  a  gall-wasp.  Consequently,  it  is  a  difficult 
matter  to  rear  the  adults  of  this  form.  Bassett  states  that  the  insects 
may  mature  the  following  spring  or  may  remain  in  the  galls  until  the 
second  or  even  third  spring  before  they  emerge.  He  found  them  emerg- 
ing May  4  and  ovipositing  in  the  young  buds  of  the  oaks. 

Bassett's  observations  of  this  species  finally  led  to  the  first  absolute 
proof  that  heterogeny  occurred  in  the  .Cynipidse.  A  detailed  account  of  the 
discovery  has  been  given  on  page  324.  Adults  have  been  bred  from  galls 
of  both  generations  and  each  of  these  have  been  observed  to  oviposit  to 
produce  the  galls  of  the  other  generation.  Bassett's  observations  were 
apparently  made  in  the  open,  but  his  definite  statements  would  indicate 
that  the  pricked  parts  were  definitely  marked  for  later  identification. 

Andricus  palustris  (Osten  Sacken) 
Range. — Canada:  Ottawa  (Provancher) ;  Toronto  (Cosens).  Maine  (Patch). 
Miissachusetts:  Magnolia  (Clarke) ;  Boston;  Springfield  (Stebbins) ;  Marthas  Vine- 
yard. Rhode  Island:  Providence  (Thompson) .  Connecticut:  New  Haven  (Walden) ; 
Waterbury  (Bassett).  New  York:  Cypress  Hill,  Nyack  (Zabriskie);  New  York 
City  (Beutenmuller).  New  Jersey  (Smith);  Fort  Lee,  Mattawan  (BeutenmUller). 
Pennsylvania  (Beutenmuller).    District  of  Columbia:  Washington  (Osten  Sacken). 
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Ohio  (BeutenmOller).    Indiana  (Cook).    Illinois  (Walsh).    Michigan  (BeutemnQller). 
Iowa:  Ames  (Gillette). 

AndricuB  palustris  form  palustxis  (Osten  Saekeu) 
Plate  XXX,  Figures  23  and  24 

Cynips  q,  palustris  Osten  Sacken,  1861,  Stett.  Ent.  Zeit.,  XXII,  pp.  409,  412;  1865, 
Proc.  Ent.  Soc.  Phila.,  IV,  pp.  343,  346,  349.  Bassktt,  1863,  Proc.  Ent.  Soc. 
Phila.,  n,  p.  329.   Walsh,  1864,  Proc.  Ent.  Soc.  Phila.,  II,  p.  488. 

Cynips  quercus  paluslris  Osten  Sackkn,  1861,  Proc.  Ent.  Soc.  Phila.,  I,  pp.  51,  62; 
1865,  Proc.  Ent.  Soc.  Phila.,  IV,  p.  359;  1870,  Trans.  Amer.  Ent.  Soc.,  Ill, 
p.  54.    Packard,  1890,  5th  Report  U.  S.  Ent.  Comm.,  p.  113. 

Cynips  {Trigonaspis  t)  quercus  palustris  Osten  Sacken,  1861,  Proc.  Ent.  Soc.  Phila., 
I,  p.  63. 

Cynips  q,  notha  Osten  Sacken,  1870,  Trans.  Amer.  Ent.  Soc,  III,  p.  55.  Thompson, 
1915,  Cat.  Amer.  Ins.  Galls,  p.  28. 

Andricus  (CaUirhyHs)  palustris  Math,  1881,  Gen.  Gallenbew^.  Cynip.,  p.  28.  Bassbtt, 
1882,  Amer.  Nat.,  XVI,  p.  246.  Ashmead,  1885,  Trans.  Amer.  Ent.  Soc,  XII, 
p.  294.  Pbovancher,  1886,  Addit.  Famia  Canad.  Hymen.,  p.  54.  Packard, 
1890,  5th  Report  U.  S.  Ent.  Comm.,  p.  105.  BEUTENMth.LER,  1892,  Bull.  Amer. 
Mus.  Nat.  Hist.,  IV,  p.  256.   Thompson,  1915,  Cat.  Amer.  Ins.  Galls,  p.  30. 

Andricus  (Callirhytis)  notha  Ashmead,  1885,  Trans.  Amer.  Ent.  Soc,  XII,  p.  295. 
Packard,  1890,  5th  Report  U.  S.  Ent.  CooMn.,  p.  105. 

Callirhytis  notha  Ashmead,  1885,  Trans.  Amer.  Ent.  Soc,  XII,  p.  304.  Packard, 
1890,  5th  Report  U.  S.  Ent.  Comm.,  p.  110.  Dalla  Torre  and  Kieffbr,  1902, 
Gen.  Ins.,  Hymen.,  Cynip.,  p.  66. 

CalUrhyiis  palustris  Ashmead,  1885,  Trans.  Amer.  Ent.  Soc,  XII,  p.  304.  Packard, 
1890, 5th  Report  U.  S.  Ent.  Comm.,  p.  110.  Dalla  Torre  and  Kieffer,  1902, 
Gen.  Ins.,  Hymen.,  Cynip.,  p.  66.  Stebbins,  1910,  Springfield  (Mass.)  Mus.  Bull., 
U,  pp.  21,  23,  26,  fig.  37.  Smith,  1910,  Ins.  N.  J.,  p.  601.  Thompson,  1915, 
Cat.  Amer.  Ins.  Galls,  p.  14.    Lurz,  1918,  Field  Book  Ins.,  p.  462,  Pl.  xcvi,  fig.  1 1 . 

Dryophanta  notha  Ashmead,  1887,  Trans.  Amer.  Ent.  Soc,  XIV,  p.  129.  Dalla 
Torre,  1893,  Cat.  Hymen.,  II,  p.  53.  BeutenmDller,  1911,  Bull.  Amer.  Mus. 
Nat.  Hist.,  XXX,  p.  366,  PI.  xvi,  fig.  4.  Thompson,  1915,  Cat.  Amer.  Ins. 
Galls,  p.  38.   Felt,  1918,  N.  Y.  State  Mus.  Bull.,  CC,  p.  106,  fig.  68,  4. 

Dryophanta  palustris  Ashmead,  1887,  Trans.  Amer.  Ent.  Soc,  XIV,  p.  129.  Cresson, 
1887,  idem,  XIV,  Suppl.,  p.  179.  Bassett,  1890,  idem,  XVII,  p.  74.  Dalla 
Torre  1893,  Cat.  Hymen.,  II,  p.  53.  Cook,  1902,  Ohio  State  Univ.  Bull.,  Ser. 
6,  p.  268,  fig.  29;  1903,  idem,  Ser.  7,  p.  427,  fig.  65;  1904,  idem  Ser.  8,  figs.  82, 
84,  845,  94.  BEUTENMt)LLER,  1911,  Bull.  Amer.  Mus.  Nat.  HLst.,  XXX,  p.  361, 
PI.  XV,  figs.  1-4,  PI.  XVII,  figs.  1-2.  CosENS,  1912,  Trans.  Can.  Inst.,  IX,  p.  344, 
figs.  4^52.  Thompson,  1915,  Cat.  Amer.  Ins.  Galls,  pp.  21,  38,  PI.  i,  fig.  167 
Felt,  1918,  N.  Y.  State  Mus.  Bull.,  CC,  p.  90,  figs.  86,  87  (1-4) 

Andricus  palustris  Provancher,  1889,  Add.  et  correct.,  p.  163.  BeOtenmullek, 
1904,  Amer.  Mas.  Journ.,  IV,  p.  101,  fig.  26;  1904,  Amer.  Mus.  Nat.  Hist. 
Guide  Leaf.  16,  p.  15,  fig.  Cook,  1905,  29th  Report  Dept.  Geol.  &  Nat.  HLst. 
Ind.,  p.  829,  fig.  22.  Jarvis,  1906,  37th  Report  Ent.  Soc.  Ont.,  p.  71.  Felt, 
1906,  Ins.  Aff.  Pk.  &  Woodl.  Trees,  II,  p.  714.  Viereck,  1916,  Hymen. 
Conn.,  p.  419. 
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Andricus  {Callirhyiis)  pusulatoides  Bassett,  1890,  Trans.  Amer.  Ent.  Soc,  XVII^ 

p.  74. 
Andricus  pusultUoidea  Dalla  Torre,  1893,  Cat.  Hjonen.,  II,  p.  94.    Felt,  1906, 

Ins.  Aff.  Pk.  &  Woodl.  Trees,  II,  p.  712. 
Neuroierus  notha  Ashmead,  1899,  Proc.  Ent.  Soc.  Wash.,  IV,  p.  332. 
CaUirhytis  pustidatoides  Dalla  Torre  and  Kieffer,   1902,  Gen.  Ins.  Hymen., 

Cynip.,  p.  66;  1910,  Das  Tierreich,  XXIV,  p.  570. 
CaUirhytis  quercus-palusiris  Dalla  Torre  and  Kieffer,  1910,  Das  Tierreich,  XXIV, 

p.  565. 
CaUirhytis  quercus-notha  Dalla  Torre  and  Kieffer,  1910,  Das  Tierreich,  XXIV, 

p.  565. 
CaUirhytis  pusulataides  Stebbins,  1910,  Springfield  (Mass.)  Mus.  Bull.,  II,  p.  23. 

Thompson,  1915,  Cat.  Amer.  Ins.  Galls,  pp.  14,  30. 
Cynips  notha  Thompson,  1915,  Cat.  Amer.  Ins.  Galls,  p.  14. 
Andricus  (CaUirhytis)  pustulatoides  Viereck,  1916,  Hymen.  Conn.,  p.  433. 

The  following  are  very  likely  synonyms  of  Andricus  palustris  palustris: 
Cynips  q.  aquaticce  Ashmead,  1881,  Trans.  Amer.  Ent.  Soc,  IX,  p.  xvi  [Florida]. 
Spathegaster  g.  laurifolice  Ashmead,  1881,  idem,  IX,  p.  xvii  [Florida]. 
Andricus  (CaUirhytis)  querdfolicB  Ashmead,  1885,  idem,  XII,  pp.  295,  299  [Florida]. 
Dryophanta  libercBceUvloB  Gillette,  1889,  Iowa  Agric.  Exp.  Sta.  Bull..  VII,  p.  283, 

fig.  27  [Iowa,  Michigan]. 

Female. — Head,  thorax,  and  abdomen  black;  antennsB  brown,  yellow  basally; 
the  legs  a  dull  amber-brown;  mesonotum  shining,  almost  smooth,  the  parapsidal 
grooves  distinct,  other  lines  lacking;  wing-veins  heavy,  the  areolet  of  moderate  or 
small  size.  Head:  black,  reddish  on  the  mouth-parts,  finely  coriaceous,  the  face  with 
a  few  scattered  hairs;  antennae  14-jointed,  dark  brown,  the  first  three  or  four  joints 
dull  amber-yellow.  Thorax:  black,  mesonotum  finely  coriaceous  but  appearing 
almost  smooth  and  shining;  parapsidal  grooves  broad,  deep,  continuous  to  the  pro- 
notum;  median  groove  very  short  or  lacking;  anterior  parallel  lines  and  lateral  lines 
lacking;  scutellum  black,  elongate,  rugoso-punctate,  the  shallow  fovea!  depression 
at  the  base  coriaceous;  pronotum  almost  smooth;  mesopleuraj  slightly  rugose. 
Abdomen:  black,  smooth,  shining,  the  second  segment  '^ tongue  shaped,"  i.  e.,  pro- 
duced dorsally.  Legs  :  dull  amber-yello>v  or  brown,  the  tips  of  the  tarsi  almost  black ; 
hairy;  the  tarsal  claws  simple.  Wings:  clear,  the  veins  dark  brown,  areolet  small, 
cubitus  not  quite  reaching  the  basal  vein;  radial  cell  open;  the  first  abscissa  of  the 
radius  slightly  angulate,  without  a  projection  into  the  radial  cell.  Length:  1.8-2.3 
mm. 

Male. — Similar  to  the  female,  but  with  the  antennse  15-jointed,  the  third  joint 
somewhat  thickened  apically  and  appearing  slightly  curved;  the  abdomen  small  and 
petiolate. 

[Redescribed  from  material  bred  in  life-historj'^  experiments,  and  compared  with 
types.] 

Galls. — Globular,  entirely  hollow,  succulent  galls  (Figs.  23  and  24)  the  size  of  a 
cherry,  containing  a  free  larval  cell.  The  galls  average  about  3-12  mm.  in  diameter, 
are  green  or  rose-tinged,  very  succulent,  quickly  shrivelling  or  decasdng,  and  are 
entirely  glabrous  or  in  other  instances  roughened  or  densely  but  finely  pubescent, 
depending  upon  the  nature  of  the  host.  The  mature  gall  is  thin-walled,  entirely 
hollow,  more  or  less  filled  with  a  liquid,  and  contains  a  single  larval  cell,  whitish, 
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averaging  2.0  mm.  in  diameter,  hard  but  thin-walled,  entirely  free,  rolling  about 
within  the  gall.  Singly  or  in  clusters,  sometimes  somewhat  fused  together,  on  the 
young  buds,  aments,  petioles,  and  leaf-blades  of  oaks,  sometimes  only  slightly  at- 
tached, at  other  times  inseparable  from  the  leaf-tLssue.  On  Quercua  coccinea,  Q. 
fcUcata^  Q.  Uicifoliay  Q.  imbricariay  Q.  marilandica,  Q.  paluairis,  Q.  phellos,  Q.  rubra, 
Q.  velutinaf  and  most  likely  other  red  oaks. 

CoTYPBS. — Cotjrpe  females,  males,  and  galLs  in  the  collection  of  the  Museum  of 
Comparative  Zoology. 

I  have  examined  the  types  of  Andricus  notha  (Osten  Sacken)  and 
the  adults  appear  to  be  true  palwitris.  The  galls  are  somewhat  more 
oval  in  shape,  with  the  larval,  cell  more  elongate,  but  I  have  found  that 
that  character  shows  gradations  in  large  series  of  palustris  and  there  is 
little  doubt  that  notha  is,  as  Osten  Sacken  strongly  suspicioned,  not 
distinct.  Beutenmiiller  makes  A  ndricus  pusuUUoides  Bassett  a  synonym 
of  notha,  BeutenmuUer  (1911,  Bull.  Amer.  Mus.  Nat.  Hist.,  XXX) 
also  says  that  he  cannot  find  essential  differences  between  true  palustris 
and  the  types  of  Dryophanta  aquaticce,  D,  laurifolioB^  and  D,  libera- 
cellidw  but,  because  of  lack  of  sufficient  material,  he  prefers  to  consider 
them  distinct.  I  can  hardly  see  any  justification  for  keeping  those  names 
out  of  the  .synonymy. 

The  gall  of  Andricus  palustris  palustris  is  one  of  the  best-known  of 
the  galls  of  early  spring,  appearing  abundantly  on  red  oaks  of  many 
species,  often  before  any  leaves  have  appeared.  They  often  crowd 
closely  on  the  flowers  of  the  oaks.  When  the  galls  first  appear  they  are 
solid,  with  the  larval  cell  distinct  but  entirely  connected  with  the  outer 
walls  of  the  gall;  but  within  a  very  few  days  or  even  hours  the  gall, 
growing  very  rapidly,  becomes  hollow  leaving  the  larval  cell  (which  had 
gained  its  full  size  in  the  young  gall)  loose  to  roll  about  within  the  en- 
larged outer  wall  at  ever>'  movement  of  the  branches  of  the  tree.  How 
the  nourishment  is  provided  for  the  larval  cell  and  the  enclosed  larva  is 
a  process  yet  to  be  studied.  During  damp  weather  the  galls  will  be 
found  to  contain  a  more  or  less  viscous  liquid,  and  placed  in  a  pan  of 
water  they  become  filled  with  this  liquid.  It  Is  probable  that  food  is 
carried  by  osmosis  to  the  larval  chamber.  Galls  taken  from  the  tree 
will  grow  still  larger  if  placed  directly  on  very  moist  sand  or  in  water, 
indicating  how  independent  an  organism  these  deformations  may 
become. 

Because  the  galls  are  so  very  succulent  they  should  not  be  gathered 
for  breeding  until  they  are  about  mature,  and  should  then  be  placed 
directly  on  very  moist  sand.  The  growth  of  these  galls  is  very  rapid 
after  their  first  appearance  upon  the  trees  and  they  are  mature  within 
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ten  days  or  two  weeks.  The  pupation  period  of  the  insect  is  very  short; 
within  a  few  days  the  adult  emerges  and  within  another  few  days  the 
galls  are  mostly  completely  withered  away  or  have  decayed. 

The  adults  emerge  from  mid-May  to  June  4,  depending  on  the  lati- 
tude and  the  progress  of  the  season.  The  insects  ai'e  produced  in  about 
equal  numbers  of  the  sexes.  They  copulate  almost  immediately  upon 
emergence  and  run  rapidly  up  the  branches  to  the  young  leaves,  on  the 
under  sides  of  which  they  settle  to  oviposit,  often  remaining  there  for 
several  days  before  they  die.  In  all,  only  about  a  month  has  passed 
from  the  time  of  the  fii-st  appearance  of  the  young  gall  to  the  time  of 
oviposition.  Over  ten  months  will  be  required  for  the  alternate  genera- 
tion to  reach  full  maturity. 

The  experiments  by  which  I  was  fortunate  enough  to  discover  the 
relations  of  the  two  generations  of  this  species  were  made  imder  the 
strictly  controlled  conditions  which  I  have  described  in  the  introduction. 
The  tree  on  which  the  sexual  adults  were  put  was  covered  with  a  net  for 
almost  amonth  and  there  was  no  chance  of  other  insects  having  reached 
it  during  that  time,  nor  is  there  much  likelihood  of  the  galls  having  been 
produced  by  insects  from  any  other  source.  Of  the  thirty  small  oaks 
in  the  greenhouse,  none  produced  any  galls  that  season  (1918)  except 
the  one  on  which  the  palustris  had  been  isolated.  Several  scores  of  the 
adults  of  that  form  were  observed  to  oviposit  on  the  under  surface  of  the 
leaves  on  which  eight  galls  of  Philonix  compressa  were  found  the  first  of 
September.  The  small  size  of  the  galls  had  prevented  their  detection 
earUer,  for  it  is  likely  that  they  appear  by  the  first  of  August. 

P.  compressa  was  a  *' species"  known  definitely  from  only  two  sta- 
tions, Westchester  Co.,  N.  Y.,  and  Ames,  Iowa,  while  palustris  had  been 
known  for  sixty  years  to  be  a  very  abundant  species  throughout  eastern 
America.  It  was  rather  surprising  to  find  an  apparently  rare,  local 
species  to  be  the  alternate  form  of  one  of  the  commonest  of  widely  distrib- 
uted galls.  Fortunately,  I  recalled  definitely  the  location  of  the  very 
trees  on  which  I  had  found  the  palustris  galls  from  which  the  experi- 
mental material  had  been  bred.  I  made  a  trip  to  these  tree^  and  found 
the  leaves  bearing  an  abundance  of  the  compressa  galls.  Then  I  found 
the  galls  in  the  Millett  Thompson  Collection,  taken  in  Massachusetts  or 
Rhode  Island;  these  were  figured  in  the  Thompson  Catalogue  but  the 
collection  was  not  recorded  in  the  text.  After  that,  I  collected  compressa 
galls  at  Melrose  Highlands,  Forest  Hills,  and  Blue  Hills,  which  are  in  the 
neighborhood  of  Boston,  and  always  found  it  abundant  at  that  date. 
The  small  size  of  the  galls  and  the  fact  that  they  are  very  quickly  decidu- 


Digitized  by 


Google 


19201  Kinaeyy  Life  Histories  of  American  Cyiiipidtr  353 

ous  is  sufficient;  explanation  of  the  failure  of  previous  collectors  to  find 
the  form. 

Andricus  palustris  form  compreisus  (Gillette) 
Plate  XXX,  Figures  25  and  26 
Acraspia  compreasus  Gillette,  1891,  Bull.  111.  Lab.  Nat.  Hist.,  Ill,  p.  197. 
Acrasjris  compressa  Dalla  Torre,  1893,  Cat.  Hymen.,  Cynip.,  II,  p.  64.    Dalla 

Torre  and  Kiepfer,  1902,  Gen.  Ins.,  Hymen.,  Cynip.,  p.  58.  Dalla  Torre 

AND  Kiepfer,  1910,  Das  Tierreich,  XXIV,  p.  409. 
PhtUmix  campresaa  BEUTBNMtJLLER,  1909,  Bull.  Amer.  Mus.  Nat.  Hist.,  XXVI,  p. 

253.   Felt,  1918,  N.  Y.  State  Mus.  BuU.,  CC,  p.  94. 
Acraspis  compressum  Thompson,  1915,  Cat.  Amer.  Ins.  Galls.,  pp.  15,  35,  PI.  iv> 

fig.  78. 

Female. — Wingless,  small,  ant-like,  the  head  nearly  twice  as  broad  as  the 
thorax,  the  abdomen  compressed  and  very  large,  circular.  Head:  rufous,  darker 
dorsaUy,  very  finely  reticulate  or  regularly  coriaceous;  antennsB  14-jointed,  rufous 
basally,  shading  into  dark  brown  apically.  Thorax:  entirely  rufous,  coriaceous, 
very  smaU  and  narrow,  about  one-half  as  wide  as  the  head,  not  twice  as  long  as  wide; 
parapsidal  grooves  continuous  to  the  pronotum  but  not  very  evident  because  of  the 
small  size  of  the  mesothorax;  other  furrows  lacking;  scutellum  very  narrow,  elevated 
posteriorly,  with  two  very  tiny  fovese  at  the  base.  Abdomen:  rufous  or  rufo-piceous, 
brightest  basally  and  dorsally;  smooth  and  shining;  very  large,  circular,  strongly 
compressed,  the  second  segment  about  one-half  the  length  of  the  abdomen.  Legs: 
rufous  to  reddish  brown,  the  hind  legs  darker.  Wings:  entirely  wanting.  Length: 
2.5  mm. 

Gali/^. — Small,  globular  galls,  (Figs.  25  and  26),  2-3  nmn.  in  diameter,  very 
slightly  attached  to  the  under  surfaces  (rarely  the  upper  surfaces)  of  the  leaves  by  a 
slight  projection  on  the  gall.  White  or  pinkish,  wax-like,  solid  and  succulent  at  first, 
quickly  deciduous,  after  which  the  gall  enlarges  and  becomes  brown,  thin-walled,  and 
hollow,  the  cavity  constituting  the  larval  cell.  On  the  same  species  of  red  oaks,  most 
likely,  as  the  palustris  gall. 

Types. — ^At  the  Illinois  State  Laboratory'  of  Natural  History  (Urbana,  Illinois). 

These  minute  galls  are  very  quickly  deciduous,  falling  in  October  or 
early  November,  usually  before  the  leaves,  to  the  ground  where  they 
undergo  further  development.  The  larva  does  not  pupate  until  the  next 
spring,  a  Uttle  time  before  emerging  in  April  or  early  May,  just  before  the 
time  of  appearance  of  palustrifi  galls. 

Andricus  fulvicollis  (Fitch) 
Range. — Ontario:  Toronto  (Cosens).  Massachusetts  (Clarke).  Connecticut: 
Waterbury  (Bassett).  New  York:  New  York  City  (Beutenmiiller) ;  Staten  Island 
(Davis).  New  Jersey:  Fort  Lee,  Paterson,  New  Brunswick  (in  Coll.  Amer.  Mus. 
Nat.  Hist.).  Pennsylvania:  Philadelphia  (Bassett).  Virginia  (Beutenmiiller). 
North  Carolina  (BeutenmtiUer).  Florida  (?Beutenmuller) .  Ohio  (Bassett).  Indiana 
(Cook).  Illinois  (Walsh).  Michigan :  Lansing  (Gillette) .  Iowa  (Gillette).  Kansas, 
(Bridewell).  Oklahoma:  Ben's  Farm,  Arkansas  River  (in  Coll.  Amer.  Mus.  Nat. 
Hist.).    Colorado  (?Ashmead). 
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Andricus  fuhricollis  form  bicolens,  new  name 

Plate  XXXI,  Figure  33 

Dryophanta  erinacei  Triggerson,  1914,  Ann.  Amer.  Ent.  Soc,  VII,  pp.  4-7,  PI.  i, 

fig.  4,  PI.  II,  figs.  7,  9,  10,  PI.  Ill,  figs.  21-29,  PI.  ix,  fig.  70. 
Cynips  erinacei  Felt,  1918,  N.  Y.  State  Mus.  Bull.,  CC,  p.  75. 

Female. — Generally  piceous  black;  the  parapsidal  grooves  not  reaching  the 
pronotum,  lateral  grooves  broad  and  shallow,  mesonotum  otherwise  about  smooth, 
first  abdominal  segment  only  one-third  th?  length  of  the  abdomen.  Head:  black, 
rough,  face  sparsely  hairy,  mouth-parts  yellowish  brown;  head  not  broadened  be- 
hind the  eyes;  cheeks  not  half  as  long  as  the  eyes;  anteniue  brown,  lighter  basally, 
hairy,  14-jointed,  the  first  two  segments  considerably  stouter  than  the  following. 
Thorax:  piceous  black  to  black,  me?onotum  almost  smooth,  slightly  roughened, 
coriaceous  to  finely  rugose  anterior  of  the  parapsidal  grooves;  parapsidal  grooves 
distinct,  continuous  almost  but  not  entirely  to  the  pronotum;  median  groove  and 
anterior  parallel  lines  lacking;  lateral  grooves  broad  and  shallow,  two-thirds  the  length 
of  the  pronotum;  scutellum  black,  somewhat  angulate  in  outline,  finely  rugose  and 
finely  hairy,  with  two,  small,  shallow,  not  smooth,  divergent  foveai  at  the  base; 
pronotum  and  mesopleura*  almost  but  not  entirely  smooth.  Abdob4BN  :  piceous  or 
brownish  black,  lightest  basally,  almost  smooth,  the  second  segment  only  about  one- 
third  the  length  of  the  whole  abdomen.  Legs:  clear  amber-brown,  hairy,  the  coxa? 
darker  brown,  the  tarsal  claws  simple,  brownish  black.  Wings  :  tinged  with  yellowish, 
the  veins  Ught  brown;  areolet  rather  large;  cubitus  fainter  than  other  veins  but 
continuous  to  the  basal  vein;  the  radial  area  open;  first  abscissa  of  the  radius  angu- 
late, slightly  and  hmitedly  clouded,  the  angle  about  135°.    Length:  1.7-2.0  mm. 

Male. — Similar  to  the  female;  generally  more  brownish  piceous;  antennas  15- 
jointed;  legs  lighter  yellowish  brown;  abdomen  smaller,  petiolate;  length,  1.5-1.7 
mm. 

(Redescribed  from  Illinois  material  bred  by  Mr.  Lewis  H.  Weld.] 

Galls. — Small,  thin-walled,  elongate  egg-shaped  galls  (Fig.  33),  within  the 
bud-scales.  The  galls  are  about  2-3  mm.  long,  all  but  microscopically  smooth, 
monothalamous,  thin-walled,  yellowish  brown,  w^ithout  a  separate  or  even  distinct 
larval  cell;  sometimes  two  or  three  galls  will  develop  in  the  same  bud-scale  and 
become  fused.  In  the  bud-scales  or  C^bicolens  ")  on  the  terminal  portions  of  leaf  and 
flower  buds  of  Quercws  alba. 

Types.— r 

In  1914  C.  J.  Triggerson  reported  from  the  Entomological  Lab- 
oratory of  Cornell  University  an  account  of  the  life  history  of  this  species, 
together  with  a  study  of  its  parasites  and  inquilines,  and  questions  con- 
cerning the  stimulus  for  gall  formation.  The  observations  on  the  life 
history  of  this  wasp  are  more  complete,  and  the  evidence  concerning 
the  alternate  generations  more  definite  than  for  any  other  species  of 
American  cynipid,  to  date.  Branches  with  buds  in  which  the  agamic 
form  had  oviposited  were  brought  into  the  laboratory,  where  the  adults 
of  the  second  generation  were  bred  from  the  galls.  Oviposition  of  this 
generation  was  observed  both  in  the  laboratory  and  in  the  field,  and  later 
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at  these  points  galls  of  the  agamic  generation  were  obtained  and  the 
agamic  female  was  again  bred.  Triggerson\s  account  furnishes  many 
details  of  the  life  history  of  the  species,  and  no  attempt  need  be  made 
here  to  give  much  more  than  descriptions  of  the  galls  and  adults  of  the 
two  generations. 

According  to  Triggerson,  the  galls  of  this  form  were  first  visible 
about  May  12;  the  adults  emerge  from  May  21  (indoors)  or  May  29 
(out-of-doors)  until  June  5.  They  oviposit  immediately  to  produce  the 
agamic  generation. 


Andricus  fulvicoUis  form  erinacei  (Beutenmiiller) 
Plate  XXXI,  Figure  34 

Philonix  ftdvicoUis  FircUj  1859,  5th  Report  on  Noxious.  .  .  Ins.  N.  Y.,  p.  783. 
OsTEN  Sacken,  1866,  Proc.  Ent.  Soc.  Phila.,  IV,  p.  363.  Ashmkad,  1903, 
Psyche,  X,  p.  148.  Felt,  1906,  Ins.  Aff.  Pk.  &  Woodl.  Trees,  II,  p.  711.  Beuten- 
M^LLER,  1909,  Bull.  Amer.  Mus.  Nat.  Hist.,  XXVI,  p.  254;  1918,  Ent.  News, 
XXIX,  p.  328.    ViERECK,  1916,  Hymen.  Conn.,  p.  381. 

Cynips  q.  erinacei  Walsh,  1864,  Proc.  Ent.  Soc.  Phila.,  II,  p.  483. 

TerasfuhncoUis  Osten  Sacken,  1865,  Proc.  Ent.  Soc.  Phila.,  IV,  p.  379. 

Cynips  iTeras)  fulvicoUis  Packard,  1881,  U.  S.  Ent.  Comm.  Bull.,  VII,  p.56. 

Acraspis  erinacei  Mayr,  1881,  Gen.  Gallenbew.  Cynip.,  p.  30.  Abhmbad,  1885, 
Trans.  Amer.  Ent.  Soc.,  XII,  p.  295;  1887,  Trans.  Amer.  Ent.  Soc,  XIV,  p.  128; 
1890,  Colo.  Biol.  Assoc.  Bull.,  I,  p.  38.  Gillette,  1888,  27th  Report  Agric. 
Mich.,  p.  470;  1889,  Psyche,  V,  pp.  186,  221;  1892,  Proc.  Iowa.  Acad.  Sci., 
I,  part  2,  p.  112.  Packard,  1890,  5th  Report  U.  S.  Ent.  Comm.,  p.  106. 
BeutenmDller,  1892,  Bull.  Amer.  Mus.  Nat.  Hist.,  IV,  p.  269,  PI.  xn,  fig.  1; 
1904,  Amer.  Mus.  Nat.  Hist.  Guide  Leaflet  16,  p.  18;  1904,  Amer.  Mus.  Joum., 
IV,  p.  104,  fig.  35.  Dalla  Torre,  1893,  Cat.Hyman.,  II,  p.  64.  Bridewell,  1899, 
Trans.  Kans.  Acad.  Sci.,  XVI,  p.  203.  Dalla  Torre  and  Kieffer,  1902,  Gen. 
Ins.,  Hymen.,  Cynip.,  p.  58.  Cook,  1905,  29th  Report  Dept.  Geol  &  Nat.  Res. 
Ind.,  p.  832,  fig.  25;  1910,  Mich.  Geol.  &:  Biol.  Surv.  Publ.  1,  p.  28.  Jarvis, 
1906,  37th  Report  Ent.  Soc.  Ont.,  p.  70.  Felt,  1906,  Ins.  Aff.  Pk.  &  Woodl* 
Trees,  II,  pp.  619,  627.  Thompson,  1915,  Cat.  Amer.  Ins.  Galls,  pp.  15,  35. 
Fagan,  1918,  Amer.  Nat.,  LII,  p.  157.  Lutz,  1918,  Field  Book  Ins.,  p.  462,  PI. 
XCTII,  fig.  4. 

Biorhiza  fulvicoUis  A.hhmkad,  1885,  Trans.  Amer  Ent.  Soc.,  XII,  pp.  296,  304. 
Packard,  1890,  5th  Report  U.  S.  Ent.  Comm.,  pp.  106,  110.  Dalla  Torre 
AND  Kieffer,  1910,  Das  Tierreich,  XXIV,  p.  402. 

Biorrhiza  fulvicoUis  Dalla  Torrk,  1893,  Cat.  Hymen.,  Cynip.,  II,  p.  60.  Dalla 
Torre  and  Kieffer,  1902,  Gen.  Ins.,  Hymen.,  Cynip.,  p.  56. 

Philonix  erinacei  BEUTEXMtJLLER,  1909,  Bull.  Amer.  Mus.  Nat.  Hist.,  XXVI,  p.  247 
[first  description  of  adult  named  erinacei],  Pl.  xliii,  fig.  24.  Smith,  1910,  Ins 
N.  J.,  p.  598.   Cosena,  1912,  Trans.  Canad.  Inst.,  p.  341,  fig.  64. 

Acraspis  quercus-erinacei  Dalla  Torre  and  Kieffer,  1910,  Das  Tierreich.  XXIV, 
p.  413,  fig.  118. 
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PhtUmyxJvhjicoUis  Smra,  1910,  Ins.  N.  J.,  p.  698. 

Female. — ^Almost  wingless;  antenna  black,  basal  joints  rufous;  parapsidal 
grooves  not  quite  reaching  the  pronotum;  thorax  densely  hairy  anteriorly  and  on  the 
mesopleurse;  abdomen  large,  considerably  elongate.  Head:  black,  with  a  more  or 
less  large  amount  of  rufous  around  the  compound  eyes  and  on  the  mouth-parts; 
rather  finely  rugose,  more  rugose  toward  the  vertex  and  toward  the  mouth-parts; 
hairy;  ant  nnse  14-joiiited,  black,  basal  joints  rufous.  Thobax:  mesonotum  rufous, 
coriaceous  or  very  finely  rugose,  very  hairy  anteriorly;  parapsidal  grooves  indistinct, 
not  quite  extending  to  the  pronotum,  gradually  convergent  toward  thescutellum; 
median  groove  very  short  but  distinct;  anterior  parallel  lines  essentially  absent; 
lateral  grooves  present,  not  deep:  scutellum  rufous,  blackish  basaUy,  hairy,  rugose, 
long  and  narrow,  with  a  short,  projecting  spine  terminally,  the  two,  shallow,  narrow 
fovejB  at  the  base  only  finely  separated;  pronotum  rugose,  black,  more  or  less  rufous 
laterally,  densely  hairy;  mesopleursB  black,  aciculate  to  rugose,  densely  hairy. 
Abdomen:  large,  considerably  elongate,  piceous  black,  with  more  or  less  rufous,  es- 
pecially basally  and  terminally,  hairy  on  the  sides  ventrally,  densely  hairy  at  the  tip 
of  the  hypopygium  and  at  the  tip  of  the  abdomen;  second  segment  not  quite 
one-half  the  t^^tal  abdominal  length.  Legs:  rufous,  hairy,  irregularly  darker 
in  places;  tarsal  claws  large,  toothed.  Wings:  rudimentary,  not  twice  the  length  of 
the  scutellum.    Length:  1.. 5-3.0  mm. 

(Redescribed  from  Bassett  material  from  Ohio  and  Connecticut.) 

Galls. — Oval  leaf-galls  (Fig.  34),  densely  covered  with  fine  spines,  reddish  pur- 
ple. The  galls  are  globular  or  more  often  oval,  10X14  mm.,  more  or  less,  the 
surface  light  yellowish,  closely  set  with  small,  raised  points,  each  tipped  with  a 
slender,  thread  like,  flexuous  spine  2  or  3  nmi.  long,  yellowish,  reddish  purple,  or 
blackish  in  color.  Within,  the  tissue  is  compact-granular,  the  larval  cells  usually 
two  or  three  (two  to  eight),  each  measuring  about  1.5X2.0  mm.,  the  cells  distinct 
but  inseparable.  Attached  by  a  single  point  to  a  main-vein,  on  the  upper  or  under 
siufac^s  of  leaves  of  Quercus  alba. 

Types. — Fitch's  type  ^^fulvicoUis'*  is  in  the  United  States  National  Museum; 
the  CO  types  ''erinaceif"  adults  and  galls,  in  The  American  Museum  of  Natural  His- 
tory, the  Museum  of  Comparative  Zoology,  and  in  the  collection  of  Mr.  William 
BeutenmOller. 

Beutemniiller  is  authority  for  the  identity  of  erinacei  Sind  fidncollis. 
This  gall  appears  in  late  June,  becoming  mature  about  the  last  of 
August,  staying  on  the  trees  into  October.  The  insects  emerge  from 
November  6  to  21.  or  even  in  early  December,  often  when  the  weather 
is  very  cold,  and  snow  is  on  the  ground.  The  insect  oviposits  in  the 
young  buds  of  the  oak  trees.  Fuller  details  of  the  habits  of  this  species 
are  given  in  Triggerson's  paper. 

In  addition  to  the  above  data,  studies  of  Amphibolips  confluent 
(Harris)^  and  of  a  couple  of  sp)ecies  of  Neuroteinis  have  been  reported, 
but  I  feel  that  the  information  is  not  sufl5ciently  complete  to  warrant 
reporting  life  histories  of  those  species  until  further  studies  have  been 
made. 


'See  Walsh,  1864,  Proc.  Ent.  Soc.  Phila.,  II.  pp.  443-500. 
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BIBLIOGRAPHICAL  NOTE 

The  synonymical  bibliographies  of  each  of  the  species  here  treated  is  sufficient 
;uide  to  aU  but  a  few  articles,  references  to  which  have  been  made  in  the  preceding 
pages. 
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332. 
1881.     Ueber  den  Generations-wechsel  der  Eichen  Gallwenpen.    Zeitschr.  f. 
wissensch.  Zool.,  XXXV^  pp.  161-246. 
Adler  and  Lichtenstein.     1881.     La  G^^ration  Alterante  chez  les  Cynipides. 

Lichtenstein  trans.,  edit.,  and  publ.  Montpellier. 
Adler  and  St  aton.    1894.    Alternating  Generations.     Straton  trans,  and  edit., 

Oxford,  Clarendon  Press. 
Bassett,    Homer  F.    1864.    [Communication  to  meeting  of  July  11, 1864.)    Proc. 
Ent.  Soc.  Phila.,  HI,  pp.  197, 198. 
1873.    On  the  Habits  of  Certain  Gall  Insects  of  the  Genus  Cynips.    Can 
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Figs.  1  and  2.     Aylax  glechonur  X  3. 

Figs.  3  and  4.     Rhodites  tohgt  X  1.5;  filaments  partly  removed. 
Figs.  6  to  7.        Rhodiles  ignotna  X  2.5;  fij?.  5,  galLs  of  second  generation. 
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Plate  XXIX 
Figs.  8  and  9.     Neuroterus  bataius  form  hisexualu  X  1. 
Figs.  10  to  13.     Neuroterus  halatus  form  batatus  X  1. 
Figs.  14  to  16.     Neuroterus  noxiosus  form  vemalis  XI. 
Figs.  17  to  19.     Neurotems  noxiofnts  form  noxiosus  XI. 
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Plate  XXXI 
Figs.  30  and  'M.     Andricus  operator  form  operatola  X4. 
Fig.  32.  Afidricus  operator  form  operator  X2. 

Fig.  33.  Andricus  ftdvicoUia  form  hicolens  X4. 

Fig.  34.  AndHnia  fuhncoUis  form  erina^ei  X4. 


Digitized  by 


Google 


Bulletin  A.  M.  N.  H.  Voi .  XLII.  Plate  XXXI 


l(^^^0 


\li 


?* 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


69.57.92(7) 

Article  Vn.— PHYLOGENY  OF  CYNIPID  GfeNERA  AND 

BIOLOGICAL  CHARACTERISTICS^ 

By  Alfred  C.  Kinsey 

Plate  XXXII 

CONTENTS 

Page 

Introduction 357fl 

Data  Concerning  Evolution 3676 

Radial  CeU 367c 

Radial  Vein 368 

Second  Abdominal  Segment 360 

Host  Plants 361 

Gall  Structure 366 

Reproduction 369 

Alternation  of  Generations 372 

Other  Considerations • 382 

Phtlogbnetic  Position  of  Genera 386 

Aulacini 386 

Auiacidea 386 

Phanacis 387 

Timaspis 387 

Aylax 387 

Diastrophus 389 

Ganaapis 391 

Rhoditini 391 

RhodUes 391 

Cynipini 394 

Neuroterus 394 

Disholcaspis 397 

Summary 399 

Bibliography 402 

INTRODUCTION 
Up  to  the  present  time  the  relationships  of  the  genera  or  even  species 
of  the  Cynipidae  (Hymenoptera)  have  been  poorly  understood.  Species 
have  been  catalogued  without  much  attempt  to  discover  an  ar- 
rangement which  would  indicate  evolution,  and  the  genera  have  been 
in  large  part  unnatural  groups  containing  large  numbers  of  unassorted, 
diverse  organisms.  Moreover,  few  suggestions  have  hitherto  been 
made  as  to  the  origins  of  the  peculiar  biologic  phenomena  so  character- 

iContribution  from  the  Entomological  Laboratory  of  the  Bussey  Institution,  Harvard  Univeraityj 
No.  165. 
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istic  of  the  more  specialized  gall-wasps.  Information  as  to  the  evolu- 
tion of  some  of  these  phenomena  is  highly  desirable  and  nothing  of  the 
biological  characters  of  such  specialized  creatures  can  be  adequately 
learned  except  as  it  is  studied  in  connection  with  the  morphological  char- 
acters, careful  taxonomic  work,  and  observations  of  the  living  insects. 

The  data  here  assembled  is  the  result  of  a  study  of  the  Cynipidse 
of  the  world,  actual  specimens  of  almost  ninety  per  cent  of  which  have 
been  examined.  Much  information  has  been  gained  by  a  study  of  living 
material.  The  conclusions  reached,  as  yet  only  incompletely  appUed 
to  the  genera  of  the  family,  will  serve  as  the  basis  for  a  thorough  revision 
of  the  classification  of  the  Cynipidae  which  I  hope  to  be  able  to  publish 
soon. 

I  am  under  great  obligation  to  the  same  friends  who  have  aided  my 
other  studies  of  the  gall-wasps:  Dr.  Wm.  M.  Wheeler,  Prof.  C.  T. 
Brues,  and  Prof.  Irving  W.  Bailey  of  the  Bussey  Institution  of  Harvard 
University;  Nathan  Banks  of  the  Museum  of  Comparative  Zoology; 
Charles  W.  Johnson  of  the  Boston  Society  of  Natural  History;  and  Dr. 
Frank  E.  Lutz  of  The  American  Museum  of  Natural  History. 

DATA  CONCERNING  EVOLUTION 

Radial  Cell 

(Table  I) 

The  wing  venation  of  the  Cynipidae  is  remarkably  uniform  through- 
out the  whole  range  of  species.  Only  the  genus  Eschatocerus,  with  one 
known  species,  shows  any  considerable  modification  from  the  type;  in 
that  species  the  first  and  second  cubital  cells  are  closed  by  the  extreme 
reduction  of  the  second  abscissa  of  the  radius  and  of  the  second  cross- 
vein.  The  related  Figitidse  show  a  wide  range  of  variation  from  the 
complete  cynipoid  venation  to  a  condition  almost  as  speciaUzed  as  that 
found  in  those  Chalcididae  which  have  retained  only  a  single  vein.  In 
the  Cynipidae  the  modifications  are  very  sUght,  and  these,  e.  g.,  the 
presence  or  absence  of  the  areolet,  the  extent  of  the  cubital  vein  in 
particular,  the  extent  and  continuity  of  other  veins,  and  the  angles  of 
the  veins,  are  characters  mainly  of  specific  or  even  individual  worth, 
sometimes  differing  on  the  two  sides  of  the  same  specimen. 

Nevertheless,  it  is  possible  to  perceive  two  Unes  of  modification  of 
the  venation  which  seem  to  indicate  something  of  group  relationships: 
(1)  the  radial  cell,  varying  from  a  completely  closed  to  a  wide  open  con- 
dition, and  (2)  the  first  abscissa  of  the  radius,  varying  from  an  arcuate 
to  an  angulate  condition. 
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It  may  be  considered  that  the  open  radial  cell  is  moi-e  highly  special- 
ized than  the  closed  cell,  for  the  process  of  opening  in  this  instance 
involves  the  disappearance  of  the  marginal  vein  and  later  of  the  extremi- 
ties of  the  subcostal  and  radial  veins.  It  would  be  surprising  to  find  that 
species  with  the  open  radial  cell  had  developed  the  veins  necessary  to 
close  the  cell  and  thus  originated  the  closed-cell  forms.  Evidence  of 
evolution  based  on  a  consideration  of  this  point  alone  would  be  meager 
enough,  but  if  it  parallels  the  data  of  other  sorts  it  will  lend  that  much 
more  weight  to  the  final  conclusions,  and  at  a  couple  of  points  it  will 
bridge  gaps  in  the  history. 

From  the  table  it  will  be  seen  that  the  character  of  the  radial  cell 
is  of  generic  importance.  Although  it  is  true  that  Auladdea  is  separated 
from  Aylax  primarily  upon  this  character  and  that  this  is  the  best  reason 
for  considering  Auladdea  a  distinct  group  from  and  more  primitive  than 
Aylax,  nevertheless,  in  many  other  instances  where  the  genera  are 
founded  upon  other  morphological  characters,  it  will  be  seen  that  the 
condition  of  the  radial  cell  is  as  good  a  generic  character.  Thus,  for 
instance,  Disholcaspis  is  a  genus  founded  on  peculiarities  of  thoracid 
sculptiu^,  the  size  and  shape  of  the  second  abdominal  plate,  and  the 
shape  and  proportions  of  parts  of  the  head,  among  other  very  definite 
characteristics.  The  occurrence  of  the  open  radial  cell  in  all  the  known 
species  of  that  genus  suggests  that  the  genus  as  a  unit  is  descended, 
rather  indirectly,  from  a  group  with  the  closed  cell.  On  the  other  hand,  in 
RhodiieSy  a  genus  maintained  Ukewise  on  abundant,  definite  morpho- 
logical and  biological  characters,  although  thirty  of  the  species  have 
the  cell  entirely  closed,  six  species  have  the  cell  more  or  less  open.  It 
seems  probable  that  in  this  instance  the  group  has  originated  directly 
from  a  closed-cell  genus,  and  that  comparatively  recent  evolution  within 
Rhodites  itself  has  given  rise  to  the  few  species  which  possess  the  open 
cell. 

The  order  in  the  accompanying  table  is  that  of  the  apparent  order 
of  evolution,  as  indicated  by  this  sort  of  evidence  only.  Again,  I  ac- 
knowledge the  meager  value  of  these  considerations,  except  they  be 
judged  in  connection  with  the  other  sorts  of  data  present  in  this  paper. 
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Table  I.    Radial  Cell 


Genu8 

Ceroptres 

Synergus 

PericUstus 

Avlacidea 

Phanacis 

Timaspis 


IXastrophus 

Rhodites 

Aylax 
Neuroterus 


Cynipa  (in  European  sense) 

DisfioUaspis 

AmphiboUps 

All  other  Cynipini 


►.  of  Species 

Nature  of  Radial  Cell 

dbl6 

Entirely  closed 

d:60 

t(            •« 

=fclO 

(<            it 

22 

il                       n 

2 

(t                      n 

7 

Closed  in  1  sp. 

Partly  closed  in  1  sp. 

Entirely  open  in  5  sp. 

14 

Closed  in  1  sp. 

Open  in  13  sp. 

36 

Closed  in  30  ^. 

Open  in  6  sp. 

26 

Entirely  open. 

54 

iclosed  in  6  sp. 

Open  in  48  sp. 

Entirely  open. 

27 

it           li 

26 

tt           (( 

Open,  usually  entirely  open. 


Radial  Vein 
Plate  XXXII 

The  first  abscissa  of  the  radial  vein  of  the  wings  of  the  Cynipid» 
varies  from  an  arcuate  to  a  sharply  angulate  condition,  some  species 
showing  a  pronounced,  vein-like  projection  into  the  radial  cell  at  the 
apex  of  the  angle  made  by  the  vein.  Every  degree  of  gradation  between 
the  extreme  forms  may  be  found.  Indeed,  so  remarkably  complete  is 
the  list  of  transitional  forms  that  it  was  this  exhibition  which  first  drew 
my  attention  to  the  existence  of  evidence  of  the  course  of  evolution  in 
the  group,  and  I  have  failed  to  find  any  other  one  Une  of  data  which 
offers  as  complete  a  story  as  that  presented  by  these  gradations  in  vein 
form.  A  sufficient  display  of  this  variation  is  shown  in  the  wings  of  the 
forty-five  species  which  I  figure  to  remove  any  necessity  for  an  account 
of  the  details  of  conditions  in  particular  species. 

It  is  to  be  remarked  that  no  great  variation  in  the  vein  is  to  be  found 
among  the  species  of  a  single  genus,  i.  e.,  the  form  of  the  vein  is  a  generic 
character,  indicating  the  same  lines  of  generic  limits  which  were  drawn 
originally  after  considerations  of  very  diverse  morphological  characters. 
In  the  Figitidae,  in  Auladdea,  Aylax,  Neuroterus,  Disholcaspis,  Cynips 
(of  European  authors),  and  in  Apmhibolips  every  species  which  I  have 
seen  agrees  in  details  of  venation  with  a  pattern  typical  for  its  genus. 
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But  in  Diastrophiis  and  Rhodites  we  find  both  an  arcuate  and  an  angulate 
condition  occurring  in  the  same  genus,  though  the  differences  between 
two  species  at  the  extremes  of  variation  within  the  genus  are  not  to  be 
compared  with  .the  extreme  differences  which  occur  between  the  genera. 
Apparently  the  form  of  the  first  abscissa  of  the  radius  gives  evidence  not 
only  of  group  descent  but  also  of  the  evolution  of  the  species  within  a 
genus.  Such  a  complete  set  of  data,  interpreted  in  the  light  of  other 
evidence,  should  prove  of  great  value  for  discovering  an  arrangement  of 
the  species  of  the  family  which  will  indicate  the  natural  order  of  rela- 
tionships. 

The  problem  with  which  we  are  now  confronted  is  to  discover  where 
in  the  series  was  the  starting  point,  the  primitive  condition — of  deciding 
in  which  direction  development  has  proceeded.  If,  in  trying  to  solve  this 
question,  we  seek  evidence  in  the  related  families  of  Hymenoptera,  we 
find  that  apparently  very  Uttle  help  is  to  be  obtained  there.  In  the 
FigitidfiB,  which  are  mainly  parasitic  species,  every  species  of  the  hun- 
dreds I  have  examined  shows  an  arcuate  vein,  which  is  one  of  the  extremes 
to  be  found  in  the  Cynipidse.  Shall  we  assume  that  the  gall-wasps  have 
originated  from  the  more  primitive  figitids  or  that  the  figitids  have 
originated  from  the  most  highly  specialized  of  the  cynipids?  I  think 
that  the  story  might  be  read  with  equal  justice  in  either  direction  if  the 
whole  of  our  information  came  from  the  wing-venation.  In  the  arcuate 
vein  we  might  pictiu-e  the  remnants  of  two  veins  of  an  ancestral,  a  more 
primitive,  a  more  abundant  vein  condition,  the  two  veins  still  evident 
and  not  entirely  fused  in  those  species  showing  an  angulate  vein.  On  the 
contrary,  it  is  reasonable  to  believe  that  the  angulate  vein  is  the  more 
developed  condition:  if  this  is  truly  the  radial  vein,  it  is  a  longitudinal 
vein  and  the  projection  at  the  apex  of  the  angle  is  a  cross-vein  even 
though  it  extends  lengthwise  of  the  wing.  The  addition  of  such  cross- 
veins  to  a  primitive  venation  is  not  an  unknown  thing,  though  we  have 
not  reaUzed  that  such  additions  occur  very  often  among  the  Hjonenop- 
tera.  Moreover,  we  have  no  great  warrant  in  believing  that  this  pro- 
jection on  the  radial  vein  is  really  a  vein;  it  is  not  to  be  distinguished 
from  chitinizations  which  occur  in  the  wings  of  many  other  Hymenop- 
tera, and  I  cannot  see  good  reasons  for  beUeving  that  the  projection  in 
this  case  is  to  be  considered  a  vein  rather  than  some  other  sort  of 
formation. 

It  is  to  be  expected  that,  where  such  limited  considerations  are 
drawn  upon,  the  interpretations  may  be  made  in  diametrically  opposite 
fashions  and  we  need  not  be  impressed  with  either  set  of  interpretations 
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until  one  of  them  is  supported  by  other  sorts  of  evidence.  The  important 
fact  is  that  the  vein  considered  does  clearly  show  a  path  which  was  taken 
in  the  evolution  of  the  insects.  That  the  path  itself  does  not  indicate  in 
which  direction  the  journey  was  made  is  no  reason  for  ignoring  the 
existence  of  the  path.  Other  signs  beside  the  road  will  supply  proof 
enough  of  the  direction  of  the  movement  along  that  road. 

To  anticipate  the  conclusions  which  will  be  drawn  later,  it  may  be 
said  that  all  other  considerations,  without  an  exception,  point  to  those 
insects  which  have  the  arcuate  vein  as  being  most  primitive;  those 
having  the  angulate  vein  are  by  all  means  the  most  speciaUzed  of  the 
gall-wasps;  and  an  arrangement  of  the  groups  of  intermediate  grades  of 
specialization  strictly  parallels  an  arrangement  of  those  groups  on  the 
basis  of  venation  only.  Such  strict  parallelism  of  the  indications  of 
evolution  of  the  groups  demands  parallel  interpretations  of  the  direction 
in  which  the  evolution  has  progressed.  It  seems  that  we  must  believe 
that  the  angulate  first  abscissa  of  the  radial  vein  in  the  wings  of  the 
cynipoids  has  developed  by  gradual  transitions  from  an  arcuate  vein. 

Second  Abdominal  Segment 

An  enlarged  abdominal  plate  may  be  the  result  of  the  fusion  of  two 
or  more  plates  or  the  actual  increase  in  size  of  that  plate  in  the  course  of 
evolution.  The  primitive  condition,  somewhere  in  the  more  or  less  re- 
mote ancestry  of  any  group  of  insects,  showed  the  segments  more  or  less 
equal  in  development,  and  any  condition  which  shows  a  single  segment 
especially  developed  is  undoubtedly  the  result  of  later  evolution. 
Whether  the  degeneration  of  a  segment  that  has  become  thus  specialized 
ever  occurs  is  a  question  to  be  debated  for  each  group  studied. 

The  dorsal  plate  of  the  second  segment  of  the  abdomen  of  Cynipidse 
is  always  more  developed  than  any  of  the  other  dorsal  plates  and  in 
many  instances  the  plate  has  become  so  enlarged  as  to  cover  almost  the 
entire  abdomen.  That  this  enlargement  in  the  true  gall-wasps  is  not  the 
result  of  fusion  is  evidenced  by  the  continued  existence  of  the  other  plates 
underneath  the  enlarged  plate.  A  study  of  the  character  of  the  segment 
among  all  of  the  gall-wasps  shows  it  to  have,  very  apparently,  generic 
significance,  and  this  has  been  recognized  in  the  foundation  of  many  of 
the  genera.  In  the  Andricus-Cynips  group  of  wasps  the  stricter  use  of 
this  character  will  help  solve  the  true  relationships. 

A  study  of  the  figures  on  Plate  XXXIl  will  illustrate  the  following. 
In  the  cynipoid  genus  Ibalia  the  second  dorsal  plate  does  not  show  any 
special  modification,  the  segmentation  appearing  of  a  more  primitive 
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sort  except  for  the  great  development  of  the  sixth  segment,  a  line  of 
evolution  not  pursued  elsewhere  among  the  Cynipoidea.  The  genus 
Avlacidea  has  the  second  segment  less  developed  than  in  any  of  the  other 
genera,  a  fossil  species  showing  the  plate  still  smaller.  Timaspis  and 
Aylax  show  conditions  intermediate  to  DiastrophuSy  where  the  s^ment 
covers  about  one-half  of  the  abdomen.  In  Rhodites  the  segment  is 
larger  than  anywhere  outside  the  group  of  the  oak  gall-wasps,  and  in 
this  genus  the  peculiar  production  of  the  hypopygium  also  indicates 
an  advanced  degree  of  evolution.  Of  the  oak  gall-wasps,  NeuroteriLS 
shows  the  most  primitive  second  segment.  In  some  of  the  species  called 
'^ Andricits'^  the  specialization  reaches  its  extreme. 

These  and  other  instances  are  of  a  sort  which  invites  interpreting 
the  less  developed  segment  as  the  most  primitive.  And  such  an  inter- 
pretation agrees  with  the  information  concerning  evolution  furnished  by 
other  lines  of  evidence.  But,  in  Amphibolips,  DisholcaspiSj  and  possibly 
some  other  groups  which  are  clearly  highly  specialized  in  many  respects, 
it  is  surprising  to  find  the  segment  not  as  greatly  developed  as  among 
some  less  highly  specialized  oak  gall-wasps.  It  is  possible  that  a  degen- 
eration of  the  plate  has  occurred  in  these  instances,  but  it  is  also  likely 
that  there  were  several  lines  of  evolution  among  the  oak  gall-wasps, 
along  one  of  which  the  second  segment  did  not  develop  as  far  as  along 
another,  even  though  other  characteristics  evolved  farther  in  the  first 
instance. 

Host  Plants  of  the  CYNiPiDiE 
(Table  II) 

About  86  per  cent  of  the  known  species  of  gall-wasps  produce  galls 
on  species  of  Quercus  and  are  confined  strictly  to  that  single  genus  of 
plants.  Another  7  per  cent  are  confined  to  species  of  the  genus  Rosa. 
The  remaining  7  per  cent  are  found  on  plants  of  thirty-five  different 
genera,  ranging  all  the  way  from  the  monocotyledons  to  the  highest 
composites.  That  is,  the  hosts  of  a  very  small  percentage  of  the  species 
are  distributed  very  widely  throughout  the  flowering  plants,  while  93 
per  cent  are  restricted  to  plants  of  only  two  genera. 

It  is  hard  to  understand  how  this  extreme  specialization  has  come 
about.  That  the  oak  has  advantages  as  a  shelter  for  an  insect  is  readily 
seen,  but  it  belongs  to  a  comparatively  small  family  of  plants,  the  genus 
has  only  a  limited  distribution  over  the  world  today,  and,  whatever  the 
qualifications  of  the  oaks,  it  is  not  apparent  why  other  plants  should  be 
so  completely  abandoned.    That  these  other  plants  are  capable  enough 
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of  producing  galls  is  evident,  for  other  gall  insects  of  other  families 
produce  galls  upon  them  in  abundance.  But,  though  we  cannot  under- 
stand the  reasons  for  such  a  condition,  the  fact  remains  that  there  is  this 
great  speciaUzation  in  the  choice  of  host. 

It  need  hardly  be  argued  that  this  specialization  has  very  likely 
been  the  more  recent  development  in  the  evolution  of  the  Cynipidae. 
It  is  not  unreasonable  to  beUeve  that  the  primitive  gall-wasps  inhabited 
a  wide  range  of  plants  and  that  these  polyphagous  forms  have  become 
relatively  few  as  the  numbers  of  the  more  specialized  species  increased. 
That  the  small  percentage  of  the  insects  which  are  polyphagous  today, 
which  still  possess  the  more  primitive  habit,  are  to  be  considered  actual 
remnants  of  the  ancient  forms,  can  be  readily  shown. 

In  the  accompanying  table,  which  shows  the  number  of  species  of 
Cynipidae  known  to  occur  on  each  of  the  genera  of  host  plants,  the 
in&ects  are  listed  by  tribes.  These  tribes  are  well-defined  groups, 
characterized  piimarily  by  distinct  morphological  structures,  especially 
of  wing-venation  and  of  the  abdomen,  and  the  close  relationship  of  the 
species  included  in  each  of  the  tribes  is  as  certain  as  may  be  desired. 
Now,  it  is  conspicuous  that  speciaUzation  in  the  choice  of  hosts  is  re- 
stricted to  the  species  of  particular  tribes,  and  that  practically  every 
species  in  those  tribes  has  adopted  the  special  host.  All  but  one  of  the 
species  of  the  Cynipini  are  found  regularly  on  oaks  and  all  of  the  species 
of  Rhoditini  are  found  as  regularly  on  roses,  though  rarely  one  or  two  of 
the  species  of  each  group  will  produce  galls  on  a  second  plant  as  well  as 
upon  their  own  hosts.  Finally,  it  is  to  be  seen  that  all  of  the  species  which 
inhabit  the  plants  of  the  many  genera  belong  to  the  one  tribe  Aulacini. 
It  is  evident  that  the  specialized  host  was  not  adopted  by  species  of  the 
CynipidflB  severally  and  at  different  times,  but  at  two  distinct  periods, 
by  two  groups  of  forms,  at  a  time  about  coincident  with  the  differentia- 
tion of  the  tribes  which  those  two  groups  now  constitute.  And  it  is  as 
clear  that  the  Aulacini  comprise  forms  most  like  the  primitive  poly- 
phagous species  from  which  the  Cynipini  and  Rhoditini  have  arisen 
at  different  times. 

In  confirmation  of  this,  it  is  significant  to  find  that  not  only  are  the 
Aulacini,  as  a  group,  polyphagous  but  that  several  of  the  species  of  the 
group  are,  individually,  polyphagous.  These  are  the  only  species  of  all 
the  gall-wasps  which  are  known  to  be  regularly  found  on  plants  of  differ- 
ent genera,  though  most  of  the  cynipids  will  j)roduce  galls  on  several 
species  of  plants  of  the  same  genus.  Aylax  pisum  lives  in  galls  on  Lygo- 
desmia  and  on  Stephanotis:    Avlacidea  tumida  is  found  on  Solidago, 
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SonchiiSj  and  Lddnca;  while  Aylax  hieracii  is  found  not  only  on  species  of 
Hieradum,  Linariaj  and  Cxjtisus^  but  also  possibly  in  the  galls  on 
Triticum. 

Within  the  Aulacini  of  today,  however,  some  degree  of  specializa- 
tion may  be  noted.  Over  a  third  of  all  the  species  of  the  tribe  are  con- 
fined to  plants  of  the  rosaceous  genera  PotentiUaj  Fragaria,  and  Rvbiis; 
thirteen  of  these  species,  i.  e.,  all  but  four  of  those  found  on  those  plants, 
belong  to  the  very  distinct  genus  DiastrophuSy  and  this  comprises  the 
whole  of  the  genus  as  far  as  known.  Here  again  is  specialization  de- 
veloped as  the  group  has  become  morphologically  distinct,  but  in  this 
case  the  choice  of  hosts  has  not  reached  the  extreme  of  specialization, 
nor  has  the  morphological  differentiation  become  more  than  generic 
from  the  parent  forms  of  Aulacini. 

The  only  other  apparent  case  of  speciaUzed  hosts  in  the  Aulacini 
is  in  the  choice  of  many  genera  of  the  Compositse;  but  there  is  Uttle  sig- 
nificance in  this  fact,  for  the  Compositae  are  so  predominant  among 
plants  today,  both  in  number  of  species  and  of  individuals,  especially 
among  woody-stenuned  plants  which  offer  winter  shelter  to  insects,  that 
a  due  representation  of  the  genera  of  this  family  would  always  have  a 
dominance  of  numbers.  Moreover,  there  is  no  restriction  of  any  one  or 
two  of  the  genera  of  the  Compositae  to  any  single  genus  of  the  Aulacini 
except  in  instances  where  the  number  of  species  concerned  is  too  small 
to  warrant  conclusions. 

This  immediate  data,  considered  independently,  would  indicate 
that  the  following  arrangement  shows  the  order  of  origin  of  the  cynipid 
genera: 


Primitive                    Incipiently  Highly 

Specialized  Speciauzed 

Aulacini                               Diastrophu^s  Rhoditini 

(excluding  Cynipini 
Thnstrojyhus) 
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Table  II.    Hosts  of  the  Cynipid^ 


Known  No.  of  Species  of  Cynipid^e 


Cynipid 

Host  Plant 

Of  the  World 

Amencai 

Eschatocerini 

Leguminoeae 

Acacia 

1 

1 

Pediaspidini 

'Aceracese 

Acer 

1 

Aulacini 

Graminese 

Trilicum 

1 

Liliaceae 

Smilax 

1 

Papaveracese 

Papaver 

3 

RosacecB 

Fragaria 

'1 

PatentiUa 

7 

8  (or  4?) 

Rubus 

9 

6 

Leguminosse 

Cytisus 

1 

Asclepiadacese 

Stephanotis 

1 

Labiats 

Nepeta 

3 

1 

PMomis 

1 

Salvia 

1 

Scrophulariacese 

Unaria 

1 

Valerianaces 

Valerianella 

1 

CJomposita; 

Solidago 

K?) 

K?) 

Bigdowia 

1 

SUphium 

4 

4 

Ambrosia 

1 

1 

Serratula 

1 

Centaurea 

6 

Hypochoeris 

2 

Urospermum 

1 

Picris 

1 

Tragopogon 

2 

Scorzonera 

1 

Taraxacum 

1 

1 

Sonchus 

2 

1 

Laduca 

5 

3 

Lygodesmia 

1 

1 

Crepis 

1 

Prenanthes 

1 

1 
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Cynipid 
Rhoditini 


Table  II. 

(continued) 

Known  No.  of  Species  of  Cynipida? 

Host  Plant 

Of  the  World 

American 

Hieracium 

1 

Rosacea) 

Rubua 

K?) 

2(?) 

Rosa 

31=6.0% 

30=7.0% 

Fagaces 

Fagus 

K?) 

Castanopsis 

1 

Quercua 

436  =  84.8% 

370-86.6% 

Cynipini 


The  first  set  of  figures  is  based  on  Dalla  Torre  and  Kieflfer^s  cata- 
logue (1910)  of  the  Cynipidae  of  the  world,  the  second  set  on  my  own 
catalogue  of  the  American  Cynipid®.  My  catalogue  includes  a  wider 
recognition  of  synonyms  and  is  brought  more  nearly  up  to  date  than 
Kieflfer's.  I  have  omitted  two  "species"  of  the  Cy^ipini — Rhoophilus 
loem  Mayr,  which  is  evidently  an  inquiline  in  the  Rhus  gall,  and 
Solenozopheria  vaccinii  Ashmead,  which  I  have  reason  to  believe  is  not 
the  true  maker  of  the  huckleberry  gall  with  which  the  single  specimen 
was  taken. 

Gall  Structure 
(Table  III) 

Of  all  plant  deformations,  the  gaUs  inhabited  by  the  gall-wasps 
show  the  most  astonishing  of  elaborate  and  regular  designs,  and  many 
theories  have  been  invented  to  explain  what  may  be  the  causes  of  such 
phenomena.  Apparently  the  secret  is  still  far  from  solution.  I  have 
nothing  at  this  time  to  contribute  on  the  subject,  nor  is  it  in  point  here 
to  review  the  work  of  those  who  have  tried  to  solve  the  question.  What 
may  be  offered  no^  is  material  to  show  that  all  of  this  elaborate  organiza- 
tion of  plant  tissue  has  arisen  within  the  history  of  the  Cynipidse  alone, 
independent  of  any  other  group  of  gall-making  insects,  since  a  day  when 
the  family  was  merely  plant-tissue-inhabiting,  not  yet  gall-producing. 

That  the  factors  responsible  for  the  form  of  the  deformation  are 
specific  for  the  insect  inhabiting  the  gall  has  always  been  recognized. 
The  number  of  designs  of  these  galls  is  about  as  great  as  the  number  of 
species  of  insects  producing  them.  Occasionally  two  apparently  different 
species  of  wasps  will  produce  galls  very  nearly  identical,^  but  a  careful 


*For  examples,  Andricuf!  singular  in  and  A.  o«Un-$ackeni;  AmphibolipB  citriformU,  A.  cotlehs,  and 
A.  {licifolia:  Neuroteras  batatus  and  N.  noxiosus;  DisholcaKpis  cinerea  and  D.  unicolor;  PhUonix 
peufmaehoidea  and  F.  hirta,  are  among  the  few  cases  of  close  identity  of  gallB. 
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study  of  even  these  instances  will  show  that  there  are  constant  enough 
differences  between  the  galls  of  the  species.  On  the  contrary,  a  few 
instances  might  be  cited  where  the  same  insect  is  found  inhabiting  galls 
so  dififerent  in  form  that  they  have  been  considered  as  distinct  species.  In 
these  cases  it  seems  that  the  influences  of  the  host  plant  organization 
have  come  to  the  front,  for  where  two  galls  are  thus  dissimilar  they  are 
found  always  upon  host  plants  of  different  species.  Thus  the  smooth 
form  of  the  gall  of  Rhodites  dichloceriLs  is  found  on  species  of  rose  whose 
stems  are  comparatively  unarmed,  and  the  very  spiny  form  of  the  gall, 
produced  by  the  same  species,  is  found  upon  species  of  rose  whose  stems 
are  normally  more  densely  covered  with  prickles.  But  such  cases  are 
the  exceptions.  It  is  only  rarely  that  the  importance  of  the  plant  in 
determining  the  character  of  the  gall  becomes  more  than  secondary; 
the  specific  qualities  of  the  insect  inhabitant  are  the  primary  factors  in 
determining  the  form  of  the  gall. 

The  factors  inciting  gall  formation  have  more  than  this  specific 
nature.  They  show  qualities  which  are  generic  for  the  insect  producing 
the  gall,  but  not  for  the  host  plant  on  which  the  gall  occurs.  This  fact 
has  been  vaguely  recognized  by  students  of  cynipid  galls  for  many  years. 
It  has  been  natural  to  refer  to  a  "typical  Disholcaspis'^  or  a  "typical 
Amphibolips*^  gall,  but  such  statements  have  never  been  carried  to  the 
point  of  defining  the  characters  of  the  galls  of  any  of  the  genera  of  the 
Cynipidffi.  After  an  elaborate  study  of  the  histology  of  galls  of  manj^ 
species,  Melvin  T.  Cook  (1902)  arrived  at  the  conclusion  that  "The 
morphological  character  of  the  gall  depends  upon  the  genus  of  the  insect 
producing  it  rather  than  upon  the  plant  on  which  it  is  produced,  i.  e. 
galls  produced  by  insects  of  a  particular  genus  show  gieat  similarity  of 
structure  even  though  on  plants  widely  separated;  while  galls  on  a 
particular  genus  of  plants  and  produced  by  insects  of  different  genera 
show  great  differences."  This  bore  out  the  experience  of  all  who  had 
carefully  examined  galls.  It  was  valuable  to  have  the  confirmation  of 
an  histological  study,  but  an  examination  of  the  gross  morphology  of  the 
structures  offers  as  satisfactory  information,  and  there  seems  to  be  no 
reason  why  it  is  necessary  to  study  the  microscopic  structure  of  the  gall 
before  one  can  perceive  its  generic  characters. 

With  such  brilliant  guides  available  to  indicate  generic  relations  of 
the  insects,  it  is  surprising  that  no  student  has  employed  gall  characters 
on  any  large  scale  in  classifying  the  Cynipidae.  Strange  inconsistencies 
are  found  in  our  present-day  classifications  which  have  arisen  because 
the  generic  characters  of  the  insect  were  not  sufficiently  apparent,  al- 
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though  the  characters  of  the  gall  might  have  thrown  considerable  light 
on  the  question.  In  revising  the  genera  of  the  Cynipidse,  I  shall  give 
great  consideration  to  lines  that  the  gall  characters  may  indicate,  then, 
of  course,  looking  for  confirmation  of  these  by  the  less  evident  characters 
of  the  insect  morpholog>\ 

The  galls  of  each  genus  are  not  only  of  the  form  typical  for  the  group, 
but  also  of  a  degree  of  complexity  which  is  usually  quite  uniform  within 
the  group,  with  considerable  variation  between  groups.  The  galls  of 
species  of  a  wide  range  of  genera  studied  by  Melvin  T.  Cook  (1902^), 
Cosens  (1912),  and  others  all  show  a  similar  dififerentiation  of  the  plant 
tissue  into  three  zones,  the  epidermal,  the  parenchjrmal,  and  the  nutri- 
tive, with  often  the  addition  of  a  fourth  zone,  the  protective.  But, 
although  all  cynipid  galls  are  formed  on  fundamentally  the  same  pattern, 
the  developments  of  that  pattern  are  surely  much  more  complex  in 
certain  cases  than  in  others.  It  seems  proper  to  call  those  galls  most 
simple  in  which  the  extent  of  proliferation  of  the  plant  tissues  is  least 
in  amount  (relative  to  the  amount  in  that  part  of  the  plant  normally), 
where  the  separation  of  the  zones  of  tissues  is  least  definite,  and  where  the 
gall  is  stiU  an  integral  part  of  the  host  plant;  and  to  call  those  galls 
more  complex  where  the  amount  of  new  tissues  is  relatively  greatest 
and  the  separation  of  the  zones  is  most  complete,  resulting  in  the  com- 
plete independence  of  some  of  the  zones  in  some  cases  (especially  in  the 
production  of  a  separable  larval  cell)  and  where  the  separation  of  the 
gall  from  the  host  is  most  complete,  the  gall  in  many  cases  becoming 
almost  or  entirely  a  separable  organism,  connected  with  a  food  supply 
by  only  a  small  amount  of  tissue  or  in  some  cases  actually  developing  in 
size  and  in  formation  of  new  tissue  after  the  gall  has  left  the  parent  plant. 
Involved  with  these  characters  of  complexity  will  also  be  a  reduced 
number  of  cells  or  a  single  larval  cell  within  each  gall;  the  smaller  the 
number  of  larval  cells  in  a  single  gall,  the  greater  the  amount,  relatively, 
of  new  tissues  produced  by  each  individual  insect,  and  the  more  definite 
the  gall  structure;  consequently  the  monothalamous  gall  indicates 
greater  specilization  than  either  the  polythalamous  or  the  agglomerate 
gall. 

In  accordance  with  our  understanding  that  the  galls  of  each  genus  of 
gall-wasps  show  related  characters,  we  find  (as  detailed  in  the  accom- 
pan3dng  table)  that  the  degree  of  complexity  of  gall  structure  shows  the 
generic  relations  of  the  insects  producing  the  galls.  It  is  to  be  noted  that 
in  many  of  the  genera  the  galls  are  all  of  a  single  degree  of  complexity. 
Without  an  exception,  the  galls  of  Aulacidea  are  of  about  one  degree  of 
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simplicity,  of  Disholcaspis  of  one  degree  and  sort  of  complexity,  of 
Amphibolips  of  another,  etc.  The  absolute  uniformity  in  these  genera  of 
the  degree  of  complexity  needs  to  be  fully  realized,  for  it  has  some  sig- 
nificance. In  several  genera,  RhoditeSy  NeuroteruSj  etc.,  there  is  a  range, 
more  or  less  wide,  in  the  degree  of  complexity  of  the  galls  of  a  single 
genus  and,  with  our  present  inadequate  knowledge,  we  cannot  be  sure 
what  this  may  mean;  but  such  instances  do  not  invalidate  the  force 
of  the  fact  that  in  many  cases  the  degree  of  complexity  of  gall  structure 
is  a  definite  indicator  of  the  generic  nature  of  the  insect. 

If  the  gall  (however  it  may  be  produced)  is  an  expression  of  the 
physiological  make-up  of  the  insect;  if  the  form  of  the  gall  is  an  expres- 
sion of  both  the  specific  and  generic  constitution  of  the  insect;  if  the 
degree  of  complexity  of  the  gall  is  a  definite  guide  to  the  generic  nature  of 
the  insect;  then  we  may  beUeve  that  the  degree  of  complexity  of  gall 
structure  is  an  expression  of  the  degree  of  development,  evolutionarily, 
of  the  insect.  Specific  and  generic  characters  are  merely  expressions  of  the 
relationships  of  the  origin,  in  the  course  of  evolution,  of  the  organism," 
and  anything  which  is  constantly  an  expression  of  these  generic  qualities 
(as  the  gall  structure  and  degree  of  complexity  undoubtedly  are)  will 
indicate  these  evolutionary  relationships.  This  is  my  justification  for 
believing  that  the  simplest  galls  are  found  among  the  most  primitive 
Cynipidae,  and  that  the  most  complex  galls  are  found  only  among  the 
highest  CynipidsB.  We  must  admit  that  there  seems  to  be  nothing  known 
that  demands  that  only  the  highest  cynipids  produce  complex  galls,  but 
this  ignorance  is  due,  patently,  to  the  fact  that  we  know  nothing  of  the 
way  in  which  galls  are  produced.  All  we  can  say  is  that  some  activity  on 
the  part  of  the  insect  is  responsible  for  the  gall  production,  and  it  is  in 
no  wise  unreasonable  to  think  of  that  activity  becoming  more  potent  in 
its  effect  as  the  insect  has  evolved. 

In  the  accompanying  table  of  the  gall  characters  of  certain  groups  of 
Cynipidae  the  genera  have  been  arranged  in  the  order  of  an  increasing 
degree  of  complexity  of  the  gall,  and  we  believe  that  order  to  be  in  some 
degree  the  order  of  origin  of  the  genera,  making  due  allowances  for  the 
inadequacies  of  a  Unear  arrangement  of  an  evolutionary  series.  We  may 
allow  details  of  relationships  to  be  worked  out  by  other  Unes  of  evidence, 
but  we  should  attach  some  importance  to  the  very  primitive  character 
of  all  the  galls  of  AuUtddea  (without  a  single  exception),  to  the  less  primi- 
tive but  still  simple  qualities  of  the  gaUs  of  Aylax,  DiastrophiLS,  and 
NeuroteriLSj  and  to  the  highly  developed  characters  of  the  galls  of  Cynips 
(European  sense),  of  Disholcaspis j  and  of  Amphibolips, 
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Table  III.    Cynipid  Galls 


Genus 

Amount  of 

Larval  Cell 

Order  of 

Connection 

Hypertrophy 

Larval  Cells 

with  Host 

Aidacidea 

None,  or 

Not  distinct  nor 

Aggolmerate 

Not  distinct, 

Phanada 

small 

separable 

and  entirely 

Timaspis 

inseparable 

Aylax 

None,  or 

Distinct  but  in- 

Agglomerate or 

Not   distinct, 

small,  or 

separable 

polythalamous; 

or  not 

great 

monothalamous 

separable; 

• 

in  4  -species 

separable  in 
3  or  4  species 

RhodiUs 

Small  or 

Distinct  but 

Agglomerate 

Inseparable 

great 

inseparable 

or  polythalamous 

or  separable 

Diasirophus 

Small 

Distinct,    but   only 
slightly  separable 

Agglomerate  or 
pol3rthalamou8 

Inseparable 

Gonaapis 

Not  very 
great 

Distinct,  only  slightly 
attached 

Monothalamous 

Separable 

Neuroterus 

None,  or 

More  or  less  distinct; 

26  species  agglom- 

30 species  in- 

small 

not  separable 

erate  or  pol3rthal- 
amous;  26  species 
monothalamous 

separable; 
22  species 
separable 

Ampkibolips 

Great 

Very    distinct,    but 

Monothalamous 

Entirely   dis- 

more or  less  connect- 
ed with  the  rest  of 
the  gall  by  strands 
of  fibers. 

tinct    and 
separable 

DishoUaapis 

Great 

Entirely  distinct  and 
separable  (at  least 
in  maturity) 

Monothalamous 

Entirely    dis- 
tinct  and 
separable 

Reproduction 
(Table  IV) 

A  large  proportion  of  the  Cynipidae  reproduce  agamieally.  There 
can  be  little  question  of  the  non-existence  of  the  males  of  many  of  the 
species.  Hartig  (1840)  bred  almost  10,000  individuals  of  a  single  species, 
Dryophanta  distichay  and  secured  only  females.  In  spite  of  extensive 
collecting  and  breeding  of  many  species  of  gall-wasps,  both  in  Europe  and 
America,  no  males  have  been  found  for  some  of  them,  and  Adler  (1881) 
and  other  workers  have  regularly  secured  galls  and  mature  insects  from 
the  eggs  of  these  agamic  females. 

The  successive  generations  of  some  species  are  all  similar  and 
agamic;  Adler  found  this  to  be  the  case  with  five  species,  each  of  which  he 
bred  for  two  successive  generations — for  three  generations  in  the  case  of 
Andricus  setninationis.    In  the  case  of  other  species,  most  Ukely  for  the 
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majority  of  the  oak-gall-producing  Cyuipidae,  only  the  alternate  genera- 
tions are  similar,  every  agamic  generation  being  succeeded  by  a  bisexual 
generation,  which  in  turn  produces  an  agamic  generation.  Where  this 
heterogeny  occurs  the  origin  and  development  of  an  agamic  generation 
has  been  so  involved  with  the  origin  and  development  of  the  alternation 
of  dissimilar  generations  that  the  problem  is  more  properly  discussed  in 
the  section  of  this  paper  on  the  alternation  of  generations.  The  simpler 
case,  where  only  agamic  generations  exist,  will  be  discussed  here. 

That  agamy  is  a  more  specialized  method  of  reproduction  than  a  bi- 
sexual method  need  hardly  be  argued.  The  evolution  of  agamy  among 
the  Cynipidse  is  easily  understood,  for  among  the  species  still  existing  to- 
day we  find  all  gradations  from  the  primitive  bisexual  to  the  specialized 
agamic  condition.  Among  the  species  of  Avlacideay  the  sexes  are  pro- 
duced in  about  equal  numbers  and  normal  sexual  reproduction  occurs. 
Here  and  in  the  very  closely  related  genera  are  the  only  instances  of 
normal  sexual  reproduction  found  in  the  whole  family,  except  such  as 
occur  in  the  sexual  generation  of  heterogenous  species.  In  Diastrophus 
the  male  sex  is  much  less  abundant  than  the  female,  constituting  only 
about  thirty  per  cent  of  the  total  number  of  individuals,  and  it  is  therefore 
very  likely  that  parthenogenetic  reproduction  occurs  frequently  in  the 
group.  But  that  the  eggs  are  still  often  fertilized  is  quite  certain;  I 
have  many  times  seen  copulation  in  the  case  of  Diastrophus  nehvlosus. 
In  RhoditeSy  however,  it  is  definitely  known  that  for  several  species  the 
parthenogenetically  produced  eggs  are  the  regular  means  of  reproduction, 
and  Adler  (1881,  p.  153)  went  so  far  as  to  call  the  males  of  these  species 
superfluous.  Though  it  is  still  likely  that  the  males  do  occasionally 
fertilize  the  females  in  these  species,  it  is  quite  certain  that,  as  Adler 
put  it,  "we  can  predict  that  they  [the  males]  will  probably  become  ex- 
tinct in  the  course  of  time.*'  In  Disholcaspis  we  have  instances  where 
apparently  only  females  are  ever  produced,  but  it  is  still  possible  that 
there  is  a  bisexual,  an  alternate  generation  yet  to  be  discovered  among 
those  species.  At  any  rate  complete  agamy  has  been  attained  by  at 
least  those  five  species  of  Andricus  studied  by  Adler. 

The  accompanying  table  giving  some  data  as  to  the  ratio  of  the  males 
to  females  is  based  on  my  own  observations,  supplemented  in  a  few 
cases  by  records  from  other  observers.  The  total  amount  of  the  data 
is  very  meager,  buf  is  enough  to  indicate  what  are  undoubtedly  the  true 
conditions  among  several  of  the  groups.  The  order  of  the  species  is 
that  of  the  diminishing  abundance  of  the  males.  This  is  largely  a 
generic  arrangement  of  the  species,  which  indicates  that  the  sequence 
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is  to  some  extent  evolutionary,  but  it  should  be  emphasized  that,  though 
a  strictly  agamic  group  is  in  that  respect  more  specialized  than  one  only 
partially  agamic,  it  need  not  necessarily  be  derived  from  the  next  less 
strictly  agamic  group.  Thus,  though  Diastrophus  is  undoubtedly  de- 
rived from  Avlacidea  or  related  forms,  as  indicated  by  the  consideration 
of  reproduction  in  the  group  and  as  confirmed  by  several  other  sorts  of 
evidence,  and  though  Rhodites  is  undoubtedly  a  more  highly  specialized 
group  than  Didstrophus,  it  is  not  to  be  believed  that  Rhodites  originated 
from  Diastrophus.  Other  considerations  indicate  distinct  origins  of 
Diastrophus  and  of  Rhodites  from  A  uladdeay  rather  directly  in  each  case. 
That  is,  the  agamic  condition  has  arisen  independently  at  least  three 
times  among  the  Cynipidse,  not  to  mention  its  further  occurrence  among 
the  forms  which  have  an  alternation  of  generations.  And,  though  we  do 
not  have  the  transitional  conditions  for  each  of  the  lines  of  development, 
it  seems  clear  that  this  agamic  condition  is  the  result  in  each  case  of  the 
gradual  disappearance  of  the  males  and  the  gradual  appearance  of 
parthenogenetic  reproduction,  first  as  an  occasional  phenomenon,  finally 
as  the  regular  and  only  method  of  reproduction. 

This  condition  is  not  in  the  least  surprising,  for  parthenogenesis 
has  undoutbedly  arisen  independently  at  ver>'  many  diflferent  times 
among  a  great  number  of  the  groups  of  the  Hymenoptera. 


Table  IV.    Sexes  op  GALii-WASPs 


Species 

AtUacidea  podagra 
Auladdea  bicolor 
Aulacidea  nabali 
AtUacidea  annidata 
AtUacidea  tumida 

Diastrophus  Hncaidi 
Diastrophus  nehulosus 

Rhodites  ignotus 
Rhodites  dichlocerus 
Rhodites  rosas 
Rhodites  bicolor 

Disholcaspis  (whole  genus) 
Andricus  ceUiUarius 

Andricus  dasydadyli 


Individuals  counted 

Percent 
Males 

391 

36 

300 

120 

89 

55 
44 
36 
16 
30 

39  (Gillette  '93) 
192 

36 
2S 

37 

66 

419 

14 

35 

8 
1.5 

0 

30  (Gillette  '92) 

0(?) 
0 

118  (Ashmead  '96) 

0 
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Alternation  of  Generations 
(Table  V) 

The  alternate  generations  of  certain  species  of  gall-wasps  show  more 
remarkable  differences  than  do  the  alternate  generations  of  any  other 
group  of  animals  in  which  this  heterogeny  is  known  to  occur.  Because  of 
the  careful  experiments  of  Adler  (1881)  and  of  others,  most  students  of 
biology  are  thoroughly  famiUar  with  the  extreme  differences  presented 
by  successive  generations  of  these  Cynipids.  I  have  given  detailed  ac- 
counts of  the  life  histories  of  some  of  our  American  species  in  an  earlier 
paper;  and  a  review  of  this  and  of  Adler's  work  will  show  to  what  the 
extremes  of  differences  amount.  The  galls  of  two  successive  generations 
may  be  produced  on  different  parts  of  the  plant  and  may  present  entirely 
different  forms,  e.  g.,  the  gall  of  one  generation  of  Andricus  operator  is 
mainly  a  large  mass  of  wool  on  the  young  stems,  leaves,  or  aments  of 
the  oak;  the  second  generation  gall  is  a  small,  seed-like,  naked  capsule 
between  the  cup  and  the  acorn.  The  insects  of  the  two  generations  of 
some  species  may  be  so  entirely  different  as  to  warrant  believing  them  to 
belong  to  different  genera,  if  the  relationships  of  the  two  forms  has  not 
been  discovered.  In  fact,  Adler  indicated  that  in  practically  every 
instance  the  two  generations  had  been  placed  in  different  genera. 

We  have  been  so  impressed  with  these  extreme  instances  of  alterna- 
tion that  we  have  failed  to  recognize  the  less  remarkable  cases;  and 
the  origin  of  the  perfected  phenomenon  of  heterogeny  has  remained  a 
riddle  just  because  we  have  not  paid  sufficient  attention  to  these  less 
extreme  instances. 

An  adequate  conception  of  the  characters  of  the  adults  and  of  the 
galls  of  the  species  concerned  in  this  discussion  can  be  gained  only  by  an 
examination  of  specimens  or  by  a  careful  study  of  the  papers  already  re- 
ferred to,  Adler's  paper  including  most  of  the  European  and  my  paper 
including  most  of  the  American  species  of  which  the  Ufe  histories  are 
known,  but  the  accompanying  table  will  summarize  the  essential 
characters  for  each  species. 

It  is  remarkable  that  for  several  of  the  species,  all  of  which  belong 
to  the  genus  Neuroterus  (of  genetic  significance),  the  successive  genera- 
tions are  very  similar.  Indeed,  the  differences  between  the  adults  is  so 
slight  as  to  be  practically  indiscernible.  The  main  difference  is  physio- 
logical, for  one  generation  reproduces  agamically  and  the  other  by 
fertilized  eggs.  The  galls  of  these  two  forms  are  likewise  exceedingly 
similar  and,  although  they  may  appear  quite  different  in  most  cases, 
they  are  still  of  fundamentall}^  the  same  type.    The  differences  in  those 
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cases  are  of  a  sort  that  might  be  explained  as  due  entirely  to  the  differ- 
ences in  the  parts  of  the  plant  affected.  If  it  is  the  young,  growing  shoot 
which  is  affected  by  one  generation  in  mid-June,  and  the  young  leaves 
and  undeveloped  stems  in  the  buds  which  are  attacked  by  the  next 
generation  early  in  the  following  May,  the  galLs  (e.  g.,  Neuroterus  batattis 
and  N.  noxiosus)  may  be  rather  different  in  appearance  but  will  be 
of  exactly  the  same  type:  an  irregular  swelling  of  the  part  affected,  the 
gall  quite  inseparable  and  not  even  distinct  from  the  parent  plant,  with 
the  same  irr^ular  distribution  of  larval  cells,  which  cells  are  of  the  same 
degree  of  complexity  in  the  two  generations.  Such  a  case  amounts  to 
no  more  than  a  seasonal  dimorphism  among  the  adults,  with  the  differ- 
ences in  the  galLs  due  to  seasonal  factors  and,  except  for  the  more  com- 
plex alternation  found  in  others  of  the  Cynipidse,  one  would  not  ordi- 
narily think  of  such  instances  as  alternations  of  generations. 

Indeed,  it  is  hard  to  understand  how  differences  in  the  forms  of  the 
galls  of  successive  generations  could  be  often  avoided  where  the  two 
generations  of  a  species  are  produced  in  a  single  year.  The  part  of  the 
plant  affected  is  usually  different  for  each  generation,  for  it  must  always 
be  a  rapidly  growing  part  of  the  plant  which  receives  the  egg.  This  last 
fact  explains  sufficiently  why  different  parts  of  the  plant  are  attacked  by 
the  insects  in  the  different  generations.  It  may  be  too  much  to  suggest 
that  in  all  the  instances  of  extreme  differences  in  the  successive  genera- 
tions the  differences  are  due  primarily  to  the  extreme  differences  of  the 
parts  of  the  plants  affected,  for  we  do  not  know  enough  about  the 
factors  influencing  gall  production  to  compare  adequately  the  effects; 
but,  in  the  simpler  cases  mentioned,  we  feel  warranted  in  ascribing  the 
most  of  the  differences  which  appear  to  this  difference  in  the  part  of  the 
plant  affected.  It  may  be  possible  to  secure  more  definite  information 
on  this  subject  by  experimentally  breeding  and  raising  the  galls. 

That  the  second  generation  became  fixed  in  the  life  cycle  of  each 
species  only  after  a  period  of  struggle  to  find  a  suitable  method  of  ob- 
taining an  existence  is  apparent  from  observations  already  made  on  two 
species.  Adler  (1881)  described  the  way  in  which  Cynips  pallida  (also 
named  Biorhiza  terminalisy  and  the  alternate  was  called  Biorhiza  aptera) 
arrives  at  the  successful  location  of  the  eggs  of  the  second  generation 
only  after  unsuccessful  attempts  to  find  the  suitable  place.  The  bi- 
sexual generation  is  developed  in  galls  on  the  terminal  buds  of  young 
shoots,  and  oviposits  usually  in  the  bark  of  the  roots,  but  also  in  the  buds 
and  leaf  petioles.  Galls  begin  development  on  the  buds  and  petioles  but, 
as  far  as  is  known,  do  not  reach  maturity.    The  galls  on  the  roots  are 


Digitized  by 


Google 


374  BuUetin  American  Museum  of  Natural  Hietcry  jVol.  XLIl 

successful  in  reaching  their  full  development  and  from  these  the  alter- 
nate, the  agamic  generation,  will  be  produced.  A  further  point  of  interest 
with  this  species  is  the  fact  that  the  adults  of  the  two  generations  are 
very  similar  except  in  size,  in  mode  of  reproduction,  and  in  the  condi- 
tion of  the  wings:  although  the  agamic  females  are  always  wingless  and 
the  males  of  the  bisexual  generation  are  winged,  the  bisexual  females 
either  have  normal  wings  or  have  reduced  wings,  or  are  almost  wingless, 
exhibiting  in  this  as  in  other  respects  not  well  fixed  and  not  very  great 
differences  between  the  alternate  generations,  even  though  at  first  sight 
the  differences  appear  remarkable. 

I  have  found  indications  of  the  same  sort  of  incomplete  fixation  of 
the  habits  of  a  generation  in  our  common  American  species,  Biorhiza 
forticomis.  In  the  well-known  form  the  adults  are  wingless,  agamic,  and 
emerge  in  December,  often  during  very  cold  weather  when  the  ground 
may  be  covered  with  snow.  These  adults  are  very  strongly  geotropic, 
positively,  and  will  run  down  the  tree  to  the  ground,  and  I  have  suc- 
ceeded in  observing  them  oviposit  in  the  roots  or  at  the  bases  of  the 
trunks  of  the  white  oaks.  Though  I  have  not  succeeded  yet  in  obtain- 
ing galls  from  these  eggs,  it  is  quite  certain  that  a  root  gall  does  form 
and  that  these  develop  the  adults  of  the  bisexual  generation.  But, 
about  the  middle  of  the  March  following  the  winter  emergence  of  the 
species,  I  found  a  second  lot  of  wingless  agamic  females  emerging  from 
the  same  galls  which  had  given  the  first  lot  of  agamic  adults.  The  insects 
of  the  two  lots  were  not  to  be  distinguished  except  by  a  remarkable 
difference  in  sensorj"^  reaction:  these  early  spring  adults  were  nega- 
tively geotropic,  as  I  thoroughly  proved  by  careful  experiments.  They 
climbed  up  the  trees  and  oviposited  in  the  terminal  buds.  Although  the 
tree  grew  nicely  that  spring,  no  galls  developed  from  these  eggs.  Whether 
galls  ever  develop  from  eggs  laid  by  these  spring  forms  of  agamic  fe- 
males I  cannot  yet  say  positively.  It  may  be  that  here  we  have  another 
instance  of  the  sort  described  by  Adler  for  Cynips  pallida.  It  is  not 
unlikely  that  the  fixation  of  the  nature  of  the  second  generation  for  some 
of  the  species  was  a  matter  of  repeated  trial,  and  that  only  after  some 
forms  had  failed  of  survival  did  one  form  finally  remain  and  become  fixed 
as  the  alternate  generation.  We  have  no  way  of  estimating  how  many 
instances  of  this  sort  are  yet  to  be  discovered,  but  it  is  also  reasonable  to 
beUeve  that  for  some  species  there  was  little  or  no  amount  of  trial  before 
a  form  was  found  which  could  survive. 
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The  alternate  generations  of  very  many  Cynipidse  differ  in  their 
manners  of  reproduction,  one  generation  reproducing  agamically,  the 
next  from  fertilized  eggs.  It  will  be  generally  believed  that  in  such  cases 
the  sexual  generation  is  nearer  like  the  original  form  of  the  species.  It 
is  true  that  Adler  argued  to  the  contrary.    He  said  (1881,  p.  155) : 

(1)  Some  species  are  only  propagated  parthenogenetically. 

(2)  No  species  of  oak  gall-fly  is  known  to  propagate  itself  exclusively  in  a  sexual 
manner.  They  are  only  known  to  do  so  alternately  with  an  agamous  generation  in  a 
generation-cycle. 

Therefore  it  seems  to  me  reasonable  to  infer  that  the  present  agamous  form  is 
either  itaelf  the  original  form  or,  if  not  exactly  identical  with  it,  it  is  at  least  very 
nearly  related  to  it. 

But  such  reasoning  is  not  Ukely  to  be  followed  by  many  students. 
As  we  have  shown  earlier  in  this  paper,  the  strictly  agamic  species  of 
C/vnipidflB  have  been  derived  from  normally  bisexual  species.  If  we 
were  to  follow  Adler\s  reasoning,  we  would  have  to  presume  a  group  of 
strictly  agamic  Cynipids  from  which  the  dimorphic  species  might  have 
arisen.  But  the  most  primitive  of  these  dimorphic  gall-wasps,  species 
of  the  genus  Neurolerxm,  show  (in  characters  of  radial  cell,  first  abscissa 
of  the  radius,  second  segment  of  the  abdomen,  degree  of  complexity 
of  gall-structure,  etc.)  closest  relationship  to  the  strictly  bisexual  genus 
Auladdea  rather  than  to  Diasirophus,  Rhodites,  or  other  groups  known 
to  be  largely  agamic.  Undoubtedly  the  bisexual  form  of  dimorphic 
species  is  the  original  form. 

The  reason  for  the  existence  of  agamic  generations  may  be  the 
fact  that  in  almast  every  known  case  the  agamic  is  the  winter  generation 
of  the  species.  The  chances  of  survival  of  this  generation  are  naturally 
reduced  by  the  vicissitudes  of  climatic  conditions.  The  agamic  female 
often  appears  in  mid-winter  when  the  temperature  Ls  far  below  freezing, 
or  at  least  matures  early  in  the  spring  when  climatic  conditions  are  still 
unfavorable.  If  it  were  necessary  that  the  female  of  this  winter  genera- 
tion meet  a  male  of  the  species  and  that  the  eggs  be  fertilized  before  they 
were  capable  of  developing,  the  chances  of  survival  would  be  greatly 
reduced. 

This  may  be  the  whole  explanation  of  the  origin  of  the  agamic  gen- 
eration in  these  insects.  If  it  is,  the  species  found  in  warmer  climates, 
as  in  southern  Euroixi  and  northern  Africa,  and  in  the  southern  United 
States  and  Mexico,  should  not  have  an  agamic  generation  even  though 
there  may  be  an  alternation  of  generations  among  the  species.  It  is 
highly  desirable  that  some  student  experiment  in  such  regions  and  solve 
life  histories  of  cynipids  of  perpetual  summer  cUmates. 
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At  any  rate,  I  see  no  warrant  for  believing  that  the  origin  of  the 
agamic  condition  in  dimorphic  species  of  Cynipidse  has  any  connection 
with  the  origin  of  the  agamy  in  species,  Uke  Rhodites  sp.,  which  do  not 
have  an  alternation  of  generations.  If  it  is  true  that  there  are  no  such 
evolutionary  relationships,  then  we  may  beUeve  that  the  agamic  condi- 
tion arose  independently  at  four  different  times  within  the  family:  at 
three  points  discussed  in  the  preceding  section  of  this  paper,  and  in  the 
connection  in  which  we  have  discussed  it  here. 

To  summarize  our  conclusions  concerning  the  origin  of  heterogeny 
among  the  Cynipidse,  it  is  suggested  that  the  alternation  of  diflferent 
forms  of  galls  and  of  adults  arose  gradually,  after  a  struggle  for  the  fixa- 
tion of  the  habits  of  each  generation,  among  the  wasps  of  the  genus 
Neuroterus  (or  among  allied  groups),  due  primarily  to  seasonal,  environ- 
mental conditions;  that  this  alternation  of  generations  is  merely  a  more 
or  less  extreme  type  of  seasonal  dimorphism;  and  that  the  occiurence 
of  agamy  in  one  generation  is  mainly  a  result  of  seasonal  exigencies. 
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fepecies 

Xeuroterus  batatus 
form  btsextudis 


form  batatus 

Xeuroterus  noxiosus 
form  vemalis 

form  noxiosus 


Table  V.    Alternate  Generations 
Gall  Begins  to  Gall 

Develop 


Adult 


Early  May 


Late  June 


Mid-April 


Mid-June 


Polythalamous  swellings,  young    Bisexual 

stem  and  petioles;  inseparable; 

larval  cells  hardly  distinct 
Polythalamous  swellings,  main 

stems;  inseparable;  larval  cells 

hardly  distinct 


Xeuroterus  baccarum 
form  baccarum  Early  April 

form  lenticularis        Mid-June 


Agamic.  Identical  witl. 
bisexualisy  but  slightly 
larger 


Xeuroterus  albipes 
form  albipes  Mid-March  to 

Early  April 
form  kpvisculus  Early  June 


Xeuroterus  fumipennis 
form  tricolor  May 


form  fumipennia       Mid-July 


Xeuroterus  numismalis 
form  vcsicatrix  March  to  April 


form  numismalis       Late  June 


Hather  globular  polythalamous 
swellings  of  leaf-buds,  leaves, 
and  petioles 

Elongate,  polythalamous  swel- 
lings, main  stem 


Spherical,  somewhat  flattened, 
monothalamous,  separable,  on 
aments  and  young  leaves 

Circular,  flattened,  cone-shaped, 
nH)nothalamous,  separable,  on 
leaves 

Egg-shaped,  monothalamous, 
on  edges  of  leaf 
Flattened  button-shaped  or  shal- 
low   cup-shaped,    monothala- 
mous, on  veins  of  leaf 

Globular,  with  scattered  hairs, 
monothalamous,  separable,  on 
leaf-blade 

Circular,  flattened,  slightly 
emarginate,  finely  pubescent, 
monothalamous,  separable,  on 
leaf-blade 

Button-shaped,  centrally  de- 
pressed, covered  with  silky 
pubescence;  monothalamous, 
on  leaf;  inseparable 

Similar  to  gall  of  vesicatriXj  but 
separable  from  leaf 


Bisexual 


Agamic.  Quite  identical 
with  vemaliSf  but  slight- 
ly larger 

Bisexual 


Agamic.  Rather  similar 
to  baccarum,  differing 
mainly  in  coloring 

Bisexual.  Abdomen  ped- 
unculate 

Agamic.  Abdomen  larger, 
elongate.  Minor  color 
differences  from  albipes 

Bisexual 


Agamic.  Differs  slightly  in 
structure  and  sculpture; 
colors  peculiarly  like 
those  of  tricolor 

Bisexual 


Agamic.  Differs  in  sculp- 
ture and  slightly  in 
structure 
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Spe<nes 

Neuroterus  aprUinus 
form  aprilinus 


Table  V.     (continued) 
Gall  Begins  to  Gall 

Develop 


Adult 


July  to  August  Bud-gall,     bud    swollen,     sur- 
rounded  by   dwarfed   leaves; 
polythalamous 
form  Schlechtendali  April  to  May;  On  stamen;    anther  somewhat 
lives    in  this        swollen;  monothalamous 
gall    1    or    2 
years 


Seed-like  on  ameuts,  covered 
with  hairs,  monothalamous  or 
polythalamous 

Oval,  pubescent,  monothala- 
mous or  polythalamous,  on 
veins,  under  leaves;  separable 


Chilaspis  nitida 
form  lowi 

August 

form  nitida 

May  to  June 

FiorieUa  marianii 
form  meunieri 

March 

form  marianii 

May  to  June 

Cynips  pallida 
form  pallida 
(^Biorhiza 
terminalis) 
form  aptera 

Nov.  to  Jan. 
(March  ?) 

July 

Andricus  ramrdi 
form  ramtdi 

April 

form  auiumnalis 

Early  July 

A  ndricus  radids 
form  trilineatus 
( =A.  noduli) 
form  radicis 

April  to  May 
Mid-August 

Small,    bud-hke,    in    axils    of 

leaves  or  terminal 
Larval  cells  under  bark  of  main 

stems 


Large,  polythalamous  masses, 
spherical,  on  twigs,  mostly 
terminal 

Irregularly  oval,  in  masses,  on 
roots 


Small,  oval  cells  in  a  large,  dense, 
woolly  mass,  on  young  leaves 
or  aments;  monothalamous 
Bud-gall,  elongate  oval,  siu-- 
roujided  by  bud-scales;  mono- 
thalamous 


Slight  swellings,  terminal  twigs 
or  petioles;  polythalamous 

Large  swellings,  potato-Uke,  on 
roots  or  lower  part  of  trunk; 
polythalamous 


Bisexual 


Agamic.  Differs  rather 
considerably  in  struc- 
ture, sculpture,  and 
color;  smaller 

Bisexual 


Agamic.   Differs  slightly, 
in  color  especially 


Bisexual 

Agamic.  Similar  to 
meunieriy  but  four  times 
as  large 

Bisexual.  Wings  lacking 
or  reduced  or  short  in 
9 ,  normal  in  cf 

Agamic.    Very  similar  to 
pallida^    but    almost 
wingless,  two  times  sixe 
of  pallida 

Bisexual 


Agamic.  Differs  some- 
what in  structure,  color 
and  sculpture:  slightly 
larger 

Bisexual 

Agamic.  In  structure 
similar  to  trilineaius, 
but  differs  in  color,  with 
a  length  three  times 
that  of  trilineatus 
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Species 

Andricua  coUaris 
form  cwrvator 

form  coUaris 


Pediaspia  aceris 
form  aceris 

form  sorbi 


Cynipa  folii 
form  taachenbergi 


form  fdii 
(«C.  scuteUaris) 


Cynips  Umgiventris 
form  gimilis 

form  Umgiventris 


Cynips  dunaa 
form  verrucosus 


form  divisa 


Andricus  fuiUis 
form  fuiilis 


form  radicicola 


Table  V.     (continued) 
Gall  Begins  to  Gall 

Develop 


Adult 


Early  July 
Jjate  June 

April 
Early  July 


Irregularly  globular,   involving    Bisexual 

lamina  of  leaf 
Small,  conical,  appendiculate,  in 

the  winter  buds 


Agamic.  Differs  mainly 
in  color  and  sculpture; 
somewhat  larger 


Hounded,  on  leaves  or  petiole,     Bisexual 
monothalamous 

Pea-like,  often  clustered,  on  Agamic.  Quite  different 
roots  of  maple;  monothalamous  in  color,  pubescencei 
or  agglomerate  form,  structmrc,  and 

sculpture 


Oct.  to  March;  Elongate,  rather  oval,  velvety;     Bisexual 
usually    Jan .    on  buds  on  sides  of  twigs,  or  ad- 
to  Feb. 

Late  May  to 
early  June 


ventitious  buds  at  base  of  tree; 
monothalamous 
C)n  veins  on  imder  surfaces  of 
leaves;   large,  globular;  mono- 
thalamous 


Agamic.  Quite  different 
in  sculpture,  structure, 
color,  pubescence;  quite 
a  little  larger 


November 

Mid-May  to 
June 


In  buds  on  twigs  or  at  base  of    Bisexual 

tree;  monothalamous 
Small,  globular,  on  leaves,  under-    Agamic.   Differs  in  color, 

neath,   on   veins;   monothala-      sculpture;  a  little  larger 

mouH 


Oct.  to  Nov.  Small,  globular,  shot-like;  on 
leaves,  underneath,  on  veins; 
monothalamous 

Late  May  to  Long,  oval,  with  a  broad,  round- 
e^rly  June  ed  apex;  on  edges  of  leaves,  or 

on  shoots,  or  from  buds 


Bisexual 


Agamic.  Quite  different 
in  color,  sculpture,  and 
pubescence;  quite  a 
little  larger 


Late  April  Blister-like,  in  lamina  of  leaf;     Bisexual 

polythalamous,  larval  cells  dis- 
tinct, joined  by  fine  fibres  to 
outer  wall  of  gall 

Mid-July  Cavities  beneath  bark  of  roots; 

larval  cells  distinct  but  not 
separable;  little  new  tissue 


Agamic.  Differs  in  color, 
structure,  and  sculpture; 
two  times  size  of /tiltVw 
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Species 

Andricus  operator 
form  operator 


Table  V.     (continued) 
Gall  Begins  to  Gall 

Develop 


April  to  early 
May 


form  operatolor  Late  June 


Small,  seed-like  cells,  covered 
with  long,  dense  hairs  to  form  a 
large,  woolly  mass,  on  terminal 
stems,  young  leaves,  or  aments 

Small,  nut-like  kernel  at  base  of 
acorn,  between  cup  and  nut 


Adult 


Bisexual 


Andricus  inflator 
form  infUUor 

form  globuli 


Late  March  to  A  swollen  bud  and  shoot,  with  a 
April  foliaceous   covering;   mono- 

thalamous 
June  to  July      Globular   bud-gall,  surrounded 

by  bud-scales;  monothalamous 


Andricus  foecundatrix 
form  pilosus  April 

form  gemmoi  June 


Elongate  oval,  covered  with 
hairs ;  among  anthers  of  aments ; 
monojbhalamo  us 

Bud-gall,  with  many  closely  im- 
bricated scales;  hop-like; 
monothalamous 


Andricus  tesiaceipes 
form  testaceipes 

form  sieboldi 


Andricus  corticis 
form  gemmatus 


form  corticis 


Andricus  caUidofna 
form  cirratus 


April  to  May 


Aug.  to  Sept. 


April  to  May 

Late  July  to 
early  August 


April 


Agamic.       Different     in 
color,    structure   and 
sculpture;  larger 

Bisexual 


Agamic.  Differs  fonsider- 
ably  in  structure,  sculp- 
ture, pubescence,  etc.; 
larger 

Bisexual 


Agamic.  Differs  in  sculp- 
ture, structure,  and 
color;  three  times  size 
of  pilosus 


Small,  simple  thickening  of  mid-    Bisexual 
rib  of  leaf  or  petiole  or  of  young 
twigs,  1  or  2  celled 

Good-sized,  conical,  ridged;  aris- 
ing from  under  bark  on  older 
twigs;  monothalamous 


Agamic.   Differs  in  struc* 
ture,     sculpture,     color, 

and  pubescence;    much 

larger 


Small,  egg-like  or  bud-like,  on 
tips  of  twigs  or  in  leaf-axils 

Irregular  swellings  in  bark  of 
roots  or  of  old  bark  of  trunk, 
containing  a  clustered  mass  of 
distinctly  separate  larval  cells 

Oval,  bearing  tufts  of  long  hair, 
forming  a  dense,  woolly  cluster 
among  the  aments 


Bisexual 

Agamic.  \'ery  distinct 
from  gemmatus  in  every 
respect 


Bisexual 
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Species 
form  caUidoTna 


Andricua  ihalpighii 
form  nudus 


form  malpighii 


Andricus  fulvicollis 
form  bicolens 


form  erinacei 


Andricus  palustris 
form  palustris 


form  compress  us 


Cynips  megaptera 
form  megaptera 
( =  Trigonaspis 
crustalis) 
form  renum 


Table  V.     (continued) 
Gall  Begins  to  Gall  Adult 

Develop 

Early  June  Spindle-8hai)ed,  longitudinaUy  Agamic.  Differs  from  dr- 
ribbed,  slender-stalked,  in  axil  ratus  in  every  respect ; 
of  leaf  three  times  as  large 

April                   Elongate,  oval,  with  a  depressed  Bisexual 

apex,    entirely    glabrous;     on 

male  catkins;  monothalamous 

Early  June         Small,     spindle-shaped    almost  Agamic.    Differs  in  every 

sessil,  in  leaf -axil;  monothala-  respect;    two   times   as 

mous  large 

Early  Nov.         Small,  seed-like,  polythalamous.     Bisexual,  winged 

in  young  buds,  at  apices  or  on 

scales 
May  Rather  large,   oval,   spiny,   on    Agamic.  Wingless;  differs 

midvein    under    leaf;       poly-      in  every  respect 

thalamous 

March  to  April  Globular,  hollow,  succulent;  the    Bisexual;  winged 

larval   cell   entirely   free;    on 

aments,  young  leaves,  petioles, 

or  stems 
May  to  June      Small,  globular,  hollow,  without    Agamic.  Wingless;  differs 

distinct  larval  cell,  on  veins  of      in  every  respect 

leaf 


Dec.  to  Jan. 


June 


Rounded,  pea-  or   cherry-like;     Bisexual.    Winged 
monothalamous;      on    lateral 
buds  on  twigs 

Small,  kidney-shaped,  on  veins .  Agamic.  Wingless;  dif- 
under  leaves;  monothalamous,  fering  in  color,  sculpture, 
separable  structure,    etc.;     about 

one-half  to  one-third  as 
large  as  megaptera 
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Other  Considerations 

We  have  been  handicapped  in  discussing  the  phylogeny  of  the 
Cynipidffi  by  our  lack  of  knowledge  of  fossils  of  the  group.  The  only 
fossil  gall-wasps  known  are  three  species  which  I  have  recently  described. 
All  three  of  these  belong  to  the  genus  Avlacidea,  but  whether  this  is 
significant  may  not  be  determined  on  the  basis  of  such  meager  data. 
Nevertheless,  it  is  remarkable  that  no  cynipid  galls  are  described  from 
fossil  oaks.  The  only  fossil  galls  known  are  quite  certainly  not  cynipid. 
I  am  incUned  to  beUeve  that  the  family  Cynipidae  is  of  recent  origin, 
possibly  not  much  older  than  the  Oligocene  fossil  I  have  described. 

Certainly  the  family  has  not  existed  for  any  long  time  with  the 
characteristics  shown  in  the  present  day  by  the  more  specialized  groups, 
for  it  is  inconceivable  that  the  insects  could  have  survived  for  long  any 
struggle  for  existnce  while  impeded  by  the  specialized  habits  possessed 
by  most  of  the  species,  as  the  following  brief  data  may  show. 

The  necessity  of  the  larva  passing  its  life  within  a  gall  greatly  re- 
duces the  parent's  chance  of  finding  the  proper  place  in  which  to  ovi- 
posit. The  parent  gall-wasps  of  most  species  must  find  a  plant  of  the 
one  genus  and  possibly  of  the  one  or  two  species  of  that  genus  on  which 
alone  it  can  survive.  In  most  species,  moreover,  the  parent  must 
find  a  particular  part  of  that  special  host  and,  failing  to  arrive  at  that 
spot  within  the  very  few  hours  of  its  adult  life,  the  insect  dies  without 
effecting  reproduction.  Such  a  failure  is  not  as  likely  to  occur  with  forms 
which  are  less  specialized  in  their  choice  of  host  and  part  of  host  affected. 
Insects  of  this  latter  sort  are  found  in  the  genus  Atdacidea, 

Effective  as  a  highly  complex  gall  may  prove  as  a  protection  to  the 
larval  wasp,  it  has  evident  disadvantages.  It  serves  as  a  prison  in  which 
the  larva  is  trapped.  The  larva  has  become  a  degenerate,  legless,  in- 
active, helpless  (Organism;  and,  if  once  its  gall  defence  is  broken,  the 
insect  is  quite  at  the  mercy  of  the  enemy.  The  defence  offered  by  the 
gall  itself  is,  I  think,  largely  theoretical,  and  exists  mostly  in  the  minds  of 
superficial  observers.  The  hardest  galls,  or  galls  most  complicated  with 
hairs,  spines,  wool,  loose  larval  cells,  etc.,  or  galls  rich  in  tannin  crystals, 
etc.,  are  all  abundantly  parasitized  and,  indeed,  some  of  the  most  heavily 
parasitized  galls  are  those  best  equipped  (theoretically)  against  enemies 
(e.  g.,  Amphibolips  confluens  has  95%  parasites,  CaUirhytis  fumesscp 
has  50%  parasites,  Biorhiza  forticomis  has  96%  parasites,  Rhodites 
rosce  has  15%  parasites,  etc.).  The  smallest  amounts  of  parasites 
usually  occur  with  those  species  of  Aulacidea  which  make  the  simplest 
tgalls. 
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Again,  agamic  reproduction  has  evident  advantages  but  it  is  in- 
conceivable, from  what  we  know  of  reproduction  among  animals,  that 
such  a  method  of  propogation,  especially  where  agamy  has  become  the 
only  method,  can  result  in  anjrthing  less  than  a  loss  of  vitality  and  the 
ultimate  extinction  of  the  species.  This  belief  may  be  due  to  our  in- 
adequate knowledge  of  biological  phenomena,  but  it  is  significant  that 
the  agamic  species  of  cynipids  (e.  g.,  Rhodites,  Disholcaspis,  and  the 
genera  with  an  alternation  of  generations)  more  often  fail  to  reach 
maturity  than  do  species  of  the  bisexual  groups  (Aulacidea,  DiastrophuSy 
etc.).  It  is  a  conunon  experience  to  obtain  only  a  score  of  adults  from 
hundreds  of  the  oak-  or  rose-galls,  while  many  hundreds  of  adults  may 
be  secured  easily  from  a  score  of  galls  of  Aidacideay  for  instance.  The 
failure  of  those  certain  Species  to  reach  maturity  may  be  due  in  part  to 
their  higher  degree  of  para.sitism,  but  it  is  not  due  entirely  to  that. 

Still  another  thing  which  indicates  decreased  vitality  in  the  oak 
gall-wasps  is  the  short,  duration  of  the  adult  life  of  most  species.  Having 
observed  some  thousands  of  adults  of  scores  of  species  on  trees  until  the 
insects  died  natural  deaths,  I  found  that  about  two  days  was  the  average 
length  of  life  for  those  species,  while  many  species  will  die  almost  in- 
stantly after  oviposition,  even  if  that  is  only  a  few  hours  after  the  emerg- 
ence from  the  gall. 

The  adults  of  most  species  of  cynipids  are  very  weak  creatures, 
fatally  injured  by  the  slightest  touch  or  by  a  sudden  change  of  tempera- 
ture or  of  humidity.  One  of  the  greatest  obstacles  in  my  experimental 
breeding  has  been  the  enormous  amount  of  destruction  caused  if  a  rainy 
or  even  foggy  day  occurred  at  the  time  of  emergence  of  a  lot  of  adults. 
Although  I  kept  the  insects  under  cover,  at  such  a  time  they  would  not 
oviposit  or  even  make  any  attempt  to  climb  over  the  trees;-  when  the 
weather  would  become  favorable  in  a  day  or  two  most  of  the  wasps  had 
lost  all  vitaUty  and  soon  died  without  laying  eggs. 

Still  another  indication  of  the  reduced  vitaUty  of  most  of  these 
cynipids  is  the  number  of  adults  which  reach  maturity  but  then  do  not 
succeed  in  making  (chewing)  their  way  through  the  walls  of  the  gall.  It 
is  hard  to  determine  what  percentage  of  adults  thus  fail,  at  the  last 
moment,  to  achieve  the  goal  of  their  Uves,  but  it  is  apparently  large,  for 
almost  any  collection  of  galls,  cut  open,  will  show  many  such  individuals 
in  galls  which  were  evidently  mature  before  they  were  gathered.  For 
instance,  from  one  lot  of  galls  of  AndriciLs  pomiformis  not  a  single  in- 
dividual was  bred,  although  at  least  150  entirely  mature  adults  were 
found  within  the  galls.    Osten  Sacken  bred  only  one  adult  from  the  type 
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galls  of  Andricus  pellucidtiSy  but  from  the  other  seven,  monothalamous 
galls  I  secured  seven  mature  adults,  most  of  which  had  eaten  their  way 
through  the  walls  of  the  larval  cells  but  had  then  died  before  getting 
through  the  thinner  walls  of  the  outer  gall.  I  gathered  many  adults  of 
Andricus  tectumarum  which  had  emerged  through  the  hard  walls  of  the 
galls  but  had  then  died  before  escaping  from  the  coat  of  tangled  hairs 
which  covered  the  galls.  Hundreds  of  other  similar  instances  might  be 
cited.  It  is  likely  that  under  natural  conditions  there  is  less  of  this  sort 
of  mortality  than  when  the  gall  is  gathered  into  breeding  jars,  but  even 
this  indicates  an  amount  of  vitality  possessed  by  the  insects  which  is  none 
too  sufficient. 

On  the  contrary,  species  of  Auladdeaare  very  easily  bred  in  numbers 
and  it  is  a  rare  thing  to  find  adults  left  in  the  galls.  The  adults  of  these 
species  will  always  live  for  many  days.  I  have  just  found  a  female 
of  Atdaddea  annvlata  which  was  soaked  in  alcohol  for  half  an  hour  and 
then  glued  to  a  cardboard  point;  the  insect  was  discovered  alive  after 
ten  days  in  a  Schmitt  box.  Such  vitality,  as  far  as  I  have  ever  seen,  is 
not  to  be  found  among  the  oak  gall-wasps. 

On  the  basis  of  these  considerations,  the  Cynipidse  may  be  divided 
into  two  more  or  less  distinct  groups.  One  group,  including  mainly  oak 
gall-wasps,  has  little  vitality,  possesses  a  mode  of  reproduction  which 
would  seem  to  guarantee  a  continuation  of  the  lowering  of  vitality,  and 
has  a  manner  of  living  its  larval  life  which  invites  a  tremendous  number 
of  parasites  and  offers  often  insmmountable  obstacles  to  the  insect's 
growth  to  maturity.  The  other  group,  mainly  Auladdea  and  the  allied 
genera,  has  a  much  larger  amount  of  vitality,  a  method  of  reproduction 
(bisexual)  which  is  fit  to  maintain  the  vitality  of  the  group,  and  a  mode 
of  larval  life  (in  simple  galls  or  merely  in  stems)  which  offers  fewer  ob- 
stacles to  the  achievement  of  maturity.  The  first  group  is  very  apparent- 
ly over-specialized  and  must  ultimately  become  extinct.  It  is  not  likely 
that  such  a  group  could  have  furnished  the  progenitors  of  the  second 
group,  i.  e.,  the  Cynipini  were  not  the  ancestors  of  the  Aulacini.  This 
latter  group  possesses  the  far  more  successful  mode  of  living  and  is 
likely  to  survive  until  it  too  has  become  specialized  to  the  ultimate,  the 
disastrous  degree. 
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PHYLOGENETIC  POSITION  OF  GENERA 
AUULCINI 
AULAdDKA 

We  include  Pseudavlax  Ashmead  in  this  group.  The  radial  cell 
of  the  wings  in  Pseudavlax  is  closed,  which  is  a  primitive  condition  found 
elsewhere  among  the  true  gall-wasps  only  in  the  genus  Rhodites  and  in 
some  few  genera  known  only  from  a  very  few  species. 

In  all  the  species  of  Aulacidea  the  first  abscissa  of  the  radius  is 
arcuate,  one  of  the  extreme  forms  of  that  vein  in  this  family  and,  al- 
though, as  we  have  already  pointed  out,  the  arcuate  is  not  necessarily  a 
more  or  a  less  primitive  form  than  an  angulate  form  of  the  vein,  it  is 
definitely  an  extreme  condition  in  this  family.  Because  of  the  way  in 
which  all  the  other  Unes  of  evidence  read,  we  consider  the  arcuate  vein 
most  primitive  rather  than  most  speciaUzed.  In  one  species,  Aidacidea 
anniUat^,  the  vein  is  arcuate  with  a  very  sUght  suggestion  of  an  angle  on 
one  side  only. 

The  second  segment  of  the  abdomen  is  smaller  here  than  in  any 
of  the  other  gall-wasps,  and  this  small  segment  represents  a  more 
primitive  condition  than  where  the  segment  is  enlarged  to  cover  most  of 
the  abdomen,  as  in  most  of  the  genera  of  the  family. 

The  hypopygium  in  this  genus  is  less  highly  speciaUzed  than  in  any 
of  the  other  cynipids.  It  has  not  assumed  the  pecuUar,  pointed  form 
found  in  species  of  Rhodites^  nor  become  narrow  and  elongate  as  in  most 
of  the  oak  gall-makers.  In  Aulacidea  it  is  still  a  broad,  ventral  plate, 
very  Uttle.produced. 

The  species  of  this  group  inhabit  plants  of  thirteen  different  genera 
distributed  widely  from  one  of  the  lower  monotcotyledons,  Triiicum^  to 
the  highest  plants,  composits.  This  wide  range  of  hosts  is  a  very  primi- 
tive condition,  compared  with  the  complete  restriction  of  the  greater 
number  (93%)  of  the  gall-wasps  to  plants  of  only  two  genera,  and  further 
study  will  undoubtedly  reveal  species  of  Aulacidea  on  many  more  plants 
than  they  are  at  present  described  from.  Moreover,  the  only  known 
instances  among  the  Cynipidse  where  the  same  species  regularly  inhabits 
plants  of  different  genera  seem  to  be  in  this  genus  and  in  the  very  closely 
related  Aylax,  Thus,  Aulacidea  tumida  is  found  on  either  Solidago, 
Sonchus,  or  Lactuca;  several  of  the  American  species  of  Aulacidea  may 
be  found  on  either  Lactuxxi  or  Prenanthes;  and  Aylax  pisum  lives  on 
Lygodesmia  and  on  Stephanotis;  while  Aulacidea  hieracii  has  been  re- 
ported (possibly  not  entirely  correctly)  from  Hieracium,  Linaria, 
CyiisuSy  and  Triticum,  This  is  a  remarkable  lack  of  specialization  in  the 
choice  of  host. 
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The  galls  of  thLs  genus  are  by  far  the  simplest  known  among  the 
Cynipidce.  Indeed,  several  species  make  absolutely  no  gall  and  are 
merely  pith-inhabiting  insects.  Auladdea  bicolor  has  long  been  known 
to  be  such  a  species,  and  I  have  found,  on  investigations  of  dead  stems, 
several  other  species  of  the  same  sort,  of  which  I  have  already  described 
A,  abdita.  Without  a  single  exception,  the  galls  of  this  genus  are  simple, 
never  consisting  of  more  than  swellings  of  stems,  agglomerate  or  poly- 
thalamous,  without  separable  or  even  distinct  larval  cells,  and  in  no 
case  is  the  gall  separable  from  the  plant.  As  we  have  shown  in  the  dis- 
cussion of  galls,  such  simple  galls  are  primitive  and  indicate  primitive 
relationships  of  the  insects.  Very  interesting  proof  of  the  simple  nature 
of  even  the  most  developed  of  these  Auladdea  galls  is  furnished  by  the 
galls  of  A .  podagrcB  and  A .  tumida.  In  each  case  the  insect  may  be  found 
in  stems  which  show  no  traces  of  galls,  although  definite  deformations  of 
the  pith  surround  the  larval  cells  inside  the  stem;  while,  at  other  times, 
the  same  species  (I  am  satisfied  as  to  the  identity  after  examination  of 
large  series  of  the  insects)  will  produce  a  swelling  of  the  stem,  making  a 
more  or  le^^s  conspicuous  gall.  It  may  be  that  the  state  of  the  plant  at 
the  time  the  insect's  egg  is  laid  in  it,  or  the  physiological  nature  of  the 
particular  plant,  due  to  its  special  environment,  determines  the  extent 
of  the  hypertrophy.  In  either  event,  it  seems  that  the  gall-producing 
powers  of  the  insect  are  not  developed  enough  to  insure  the  formation 
of  a  gall  except  under  the  most  favorable  circumstances,  although  other 
Cynipidse,  whenever  they  produce  a  gall  at  all,  apparently  always  pro- 
duce galls  of  a  unifonn  pattern  and  of  the  same  degree  of  complexity. 

This  {AuUwidea  and  most  likely  Aylax  and  other  related  genera) 
is  the  only  group  of  the  Cynipidae  in  which  the  sexes  of  most  of  the 
species  occur  in  about  equal  numbers.  Our  data  on  this  point  are  quite 
meager  but  seem  to  warrant  this  conclusion.  The  reproduction  is 
normal,  sexual  reproduction,  which  is  certainly  more  primitive  than  the 
partially  or  strictly  agamic  reproduction  of  the  rest  of  the  family. 

There  is  apparently  no  alternation  of  generations  in  this  genus, 
such  as  occurs  in  most  of  the  oak  gall-producing  cynipids.  Nothing  that 
1  know  of  from  observation  of  the  American  species  would  indicate  that 
there  is  anything  but  normal  reproduction  in  the  group.  Aidaddea 
nubali  emerges  late  in  May  and  the  galls  are  mature  in  September, 
appearing  however  a  couple  of  months  before  that.  A.  podagrce  emerges 
in  mid-June,  and  the  galls  are  good-sized  by  August.  A,  tumida  emerges 
in  early  June;  A,  anmilata  emerges  in  early  June;  and  the  galls  must 
develop  on  the  plants  before  they  have  become  mature,  which  date  for 
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Lactuca  is  late  July  or  early  August.  In  all  these  instances  there  does  not 
appear  to  be  time  enough  for  the  development  of  an  alternate  generation 
in  the  same  year  between  the  date  of  emergence  of  the  insect  and  the 
appearance  of  the  gall  of  that  species.  More  positive  propf  of  the  ab- 
sence of  an  alternate  generation  is  furnished  by  the  work  of  Adler  who 
secured,  experimentally,  the  successive  generations  of  Aulacidea  hieracii 
and  reported  (1881)  that  there  was  no  alternation  of  generations  with 
that  species.  This  absence  of  heterogeny  is  an  important  indicator  of 
the  lack  of  specialization  of  the  group  in  that  respect. 

Our  knotvledge  of  fossil  cynipids  covers  only  three  species  and,  with 
such  limited  knowledge,  we  are  not  warranted  in  drawing  general  con- 
clusions.   The  three  described  fossils  all  belong  to  this  genus  Aulacidea. 

The  amount  of  vitality  shown  by  individuals  of  this  genus  is  (as  I 
have  described  on  p.  384)  decidedly  greater  than  that  shown  by  the 
majority  of  cynipids,  and  this  may  be  an  indication  of  the  relation  of  the 
group  to  the  primitive,  more  successful  insects  rather  than  to  the  less 
vigorous,  decidedly  unsuccessful,  more  specialized  forms. 

We  must  conclude,  then,  on  consideration  of  these  eight  or  nine 
sorts  of  evidence,  that  this  group  is  the  most  primitive  in  relationships 
of  the  existing  Cynipidse. 

Phanaois 

We  should,  undoubtedly,  place  this  genus  in  as  primary  a  position  as 
Avladdeay  since  the  insect  is  morphologically  as  primitive  and  produces 
as  primitive  a  gall.  However,  only  two  species  of  this  genus  are  known 
(the  gall  of  one  is  not  known)  and,  consequently,  we  are  not  warranted 
in  making  too  broad  generalizations.  We  may  not  be  correct  in  consid- 
ering this  genus  distinct  from  Aulacidea. 

TlMASPIS 

This  genus,  with  seven  known  species,  is  not  very  distinct  from 
Aulacidea.  The  galls  of  the  two  groups  are  equally  simple  and  occur 
on  plants  of  many  genera.  An  indication  of  higher  position,  evolution- 
arily,  is  seen  in  the  radial  cell,  which  is  usually  partly  open;  and  the 
second  segment  of  the  abdomen,  though  of  about  the  same  size  in  the 
female  as  in  Aulacidea^  is  larger  in  the  male,  there  covering  about  one- 
half  of  the  abdomen. 

Atlax 

We  would  include  the  following  as  belonging  to  the  one  genus: 
Aylax  Hartig  (^^Aulax  Hartig),  Isocolu^  Forster,  Eubothrus  Forster, 
Liposthenes  Forster,  Antistrophu^s  Walsh,  Asclepiadiphila  Ashmead,  and 
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Gilletlia  Ashinead.  This  is  the  synonymy  recognized  by  Beutenmtiller 
(1910),  and  is  practically  that  adopted  by  Kieflfer  (1910).  The  characters 
by  which  these  various  groups  are  separated  seem  hardly  sufficient  for 
drawing  generic  lines. 

The  radial  cell  throughout  this  genus  is  open,  and  in  many  cases  the 
limiting  veins  are  quite  considerably  reduced.  This,  without  question, 
is  more  speciaUzed  than  the  closed  cell  of  Axdaddea, 

The  first  abscissa  of  the  radius  is  usually  arcuate,  the  more  primitive 
condition,  or  may  be  sUghtly  subangulate  (as  in  Aylax  glechomce),  which 
form  of  the  vein  is  somewhat  more  speciahzed  than  the  arcuate  vein 
found  in  Axdacidea  and  the  other  species  of  Aylax, 

Other  indications  of  some  specialization  in  the  wing-venation  are 
(1)  the  reduction  of  the  veins  bounding  the  areolet  so  that  this  cell  is 
closed  in  most  of  the  species  of  this  genus,  and  (2)  the  lack  of  pigmentation 
and  the  fine  form  of  the  veins  in  practically  every  case,  this  condition 
appearing  to  result  ultimately  in  the  disappearance  of  the  veins. 

In  most  of  the  species  the  second  segment  covers  only  about  one- 
third  of  the  entire  abdomen,  a  condition  as  primitive  as  that  found  in 
Aulacidea.  But  the  dorsal  extent  of  the  plate  in  some  of  the  species  is 
somewhat  greater,  indicating  greater  specialization.  In  Aylax  pisum 
(  =  A.  stephanotidis  Ashmead)  the  plate  equals  two-thirds  of  the  length 
of  the  abdomen,  though  it  is  still  small  in  lateral  extent. 

The  hosts  of  this  genus  are  as  varied  as  the  hosts  of  Aulacidea, 
including  plants  of  at  least  sixteen  different  genera  of  seven  natural 
families.  This  is  the  more  primitive  trait  in  the  choice  of  hosts,  as  we 
have  pointed  out  before. 

The  galls  produced  by  the  insects  of  this  genus  vary  greatly  in 
complexity.  Aylax  rufus  produces  no  gall  at  all,  Uving  in  the  pith  of 
stems,  in  this  respect  resembling  Aulacidea  hicolor,  A.  abdiia,  and 
Pharums  centaurece.  Most  of  the  species  produce  decided  swellings  of 
the  part  affected,  which  is  either  stem,  leaf,  seed-capsule,  or  bracts,  but 
the  gall  remains  an  integral  part  of  the  plant,  more  so  in  some  cases  than 
in  others.  Still  other  species  form  galls  which  are  more  or  less  separable 
from  the  plant,  e.  g..  A,  kernel,  A.  salvice,  A.  pisum,  and  occasionally 
A.  glechoma?  and  A.  latreillei,  and  this  represents  a  more  complex  con- 
dition. A  character  which  holds  for  most  of  the  species  of  this  group,  and 
one  which  indicates  a  more  complex  condition  than  any  found  in  any  of 
the  species  of  Aulacidea,  is  the  formation  of  distinct,  but  still  inseparable, 
larval  cells.  The  galls  of  some  of  the  species  (those  which  are  insepar- 
able from  the  plant)  are  polythalamous  and  aggolmerate;   the  galls  of 
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others  are  agglomerate  but  essentially  monothalamous;  the  galls  of 
four  of  the  species  (the  galls  which  are  separable  from  the  plant), 
A.  glechomcBj  A.  kernel ^  A.  pisum,  and  A,  latreillei,  are  distinctly  mono- 
thalamous. No  species  of  AiUacidea  produces  a  gall  which  is  monothala- 
mous, or  separable,  or  which  develops  distinct  larval  cells.  The  galls  of 
Aylaz  are  very  evidently  less  primitive,  though  not  all  of  the  galls  of  this 
genus  are  as  complex  as  others. 

Reproduction  in  this  group  is  most  likely  normal,  sexual  reproduc- 
tion. The  males  of  most  of  the  species  (not  including  A,  glechomce)  are 
known,  and  the  sexes  are  about  equally  well  represented  in  collections, 
but  I  have  not  had  an  opportunity  to  breed  large  enough  nimibers  of 
any  of  the  species  of  the  genus  to  obtain  reliable  data  as  to  the  ratio  in 
which  the  sexes  exi?t.    A.  glechonuB  may  regularly  reproduce  agamically. 

There  is  no  alternation  of  generations  in  Aylax  glechomce  and  Aylax 
papaveris  ( =  A.  rhceadis  Bouch^),  as  Adler  proved  (1881)  by  experimental 
breeding  of  the  insects  for  successive  generations.  Nothing  of  the  obser- 
vations made  on  species  of  the  genus  concerning  emergence  dates,  etc., 
would  seem  to  indicate  any  Ukelihood  of  heterogeny  occurring  anywhere 
in  the  group. 

In  summary,  species  of  Aylax  are  primitive  in  abdominal  charact^^rs 
choice  of  host  plant,  degree  of  complexity  of  the  galls  of  several  specieS, 
and  in  manner  of  reproduction.  The  genus,  however,  evidently  includes 
more  speciaUzed  forms  than  AiUacidea ,  as  evidenced  by  the  specialized 
wing-venation,  the  enlarged  second  segment  of  the  abdomen  of  some  of 
the  species,  the  more  complex  character  of  the  galls  of  most  of  the  species, 
and  in  the  possible  existence  of  agamic  reproduction  in  one  species. 
Aylax  glechomce  is  in  many  respects  the  most  speciaUzed  of  the  species  of 
Aylax.  But  in  no  cases  do  the  species  show  as  specialized  characteristics 
as  those  of  most  of  the  oak  gall-producing  Cynipidse. 

I  believe  Aylax  was  derived  directly  from  Aulacidea, 

DiASTmoranm 

The  radial  cell  in  thirteen  of  the  fourteen  known  species  of  this  genus 
is  open,  indicating  some  degree  of  speciaUzation,  but  the  occurrence  of 
the  closed  cell  in  one  species,  D,  fragarice,  indicates  that  the  group  is 
descended  directly  from  some  closed-cell  genus  such  as  Aulacidea. 

The  first  abscissa  of  the  radius  for  most  of  the  species  is  slightly 
angulate,  but  in  a  few  species,  e.  g.,  Diastrophiis  ruhi^  it  is  still  arcuate, 
the  primitive  condition.    Evidently,  there  has  occurred  some  evolution 
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of  this  character  within  the  group,  but  the  genus  is  closely  related  to, 
most  likely  descended  directly  from,  Aulacidea  or  Aylax,  the  only  genera 
where  this  vein  is  always  arcuate. 

The  second  segment  of  the  abdomen  of  species  of  Diastrophiis  cov- 
ers, dorsally,  more  than  half  the  whole  aibdomen,  in  this  respect  being 
more  developed  than  in  Aulacidea,  but  not  as  developed  as  in  Rhodites 
or  most  of  the  oak  gall-producing  cynipids. 

The  face  of  the  species  of  this  genus  is  peculiarly  marked  with  fan- 
shaped  striae.  This  is  a  sort  of  speciaUzation  not  found  elsewhere  among 
the  true  gall-wasps. 

.  The  bidentate  claws  may  be  some  indication  of  specialization.    The 
claws  of  other  groups  of  the  Aulacini  are  simple. 

The  hosts  of  this  genus  are  mostly  plants  of  the  family  Rosacese. 
One  species  is  on  SmilaXj  a  liliaceous  plant.  One  species  is  found  on 
Fragaria,  four  species  are  on  Potentillaj  and  seven  species  occur  on  Rvbus, 
Thus,  the  choice  of  host  plant  is  rather  wide,  indicating  a  relationship 
to  the  primitive,  polyphagous  groups  of  the  Aulacini.  But  over  half  of 
the  genus  is  confined  to  Rvbus,  and  another  third  to  the  related  Potent 
tilla,  and  this  is  a  specialization  of  a  degree  much  greater  than  that  found 
in  any  of  the  other  Aulacini,  but  it  is  not  comparable  with  the  complete 
specialization  achieved  by  the  Rhoditini  and  Cynipini. 

The  galls  of  this  genus  are  remarkably  uniform  in  degree  of  com- 
plexity of  structure,  all  but  one  of  the  species  producing  galls  which  are 
agglomerate  or  polythalamous  swellings  of  stems,  quite  inseparable  from 
the  plant,  and  to  this  extent  quite  primitive.  But  the  forms  of  the  galls 
are  fairly  definite,  and  the  formation  of  larval  cells  which  are  slightly 
separable  from  the  rest  of  the  galls  indicates  some  degree  of  specializa- 
tion. The  gall  of  Diastrophiis  ctiscutceformis  appears  to  be  an  exception 
to  this  general  type,  but  this  species  may  best  be  considered  to  belong 
to  the  genus  Gonaspis.  That  is,  the  galls  of  Diastrophus  indicate  rather 
primitive,  but  somewhat  developed,  relationships. 

Reproduction  within  the  group  may  be  normal  sexual  reproduction 
at  times.  I  have  often  seen  the  males  of  Diastrophus  nebulosvs  copula- 
ting with  the  females,  and  undoubtedly  fertilization  often  occurs.  But 
the  males  constitute  only  about  thirty  per  cent  of  the  total  number  of 
individuals,  and  it  is  very  likely  that  this  scarcity  of  males  results  in 
unfertiUzed  eggs  being  laid  very  often,  and  the  parthenogenetic  develop- 
ment of  these  eggs  is  not  unlikely.  Again,  we  find  an  instance  of  the 
rather  primitive  (bisexual)  nature  of  the  species  of  Diastrophus^  showing 
at  the  same  time  some  degiee  of  specialization,  in  the  gradual  disappear- 
ance of  the  males. 
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It  is  very  doubtful  if  there  is  any  alternation  of  generations  within 
this  genus.  Adler  (1881)  has  definitely  proved,  by  the  breeding  of  suc- 
cessive generations,  that  Diastrqphus  rubi  has  no  alternation  of  genera- 
tions, and  nothing  known  concerning  emergence  dates,  dates  of  appear- 
ance of  the  galls,  etc.,  indicates  that  we  should  expect  heterogeny  in  the 
group.  Herein  these  insects  are  more  primitive,  less  specialized  than 
the  oak  gall-wasps. 

QONA8PI8 

This  genus  is  clearly  related  to  the  genus  Diastrophiis,  from  which  it 
is  best  distinguished  by  having  the  scutellum  ending  in  a  point  which 
projects  far  over  the  metathorax.  This  indicates?  some  degree  of  speciali- 
zation beyond  Diastrophus. 

Another  character  which  I  feel  is  a  good  indication  of  specialization 
is  the  more  complex  character  of  the  galls  of  Gonaspis,  These  galls  are 
monothalamous  and  separable  from  the  host  plant  (Diastrophtis  galls 
are  polythalamous  and  inseparable)  and  show  a  considerable  degree  of 
separation  of  the  zones,  the  epidermal  layer  in  G,  potentillce  being  con- 
nected with  the  larval  cell  by  distinct  strands  of  tissue. 

G,  cuscutceformis  also  has  a  monothalamous,  separable  gall  which  is 
compUcated  with  spinous  processes,  and  the  species  evidently  belongs  in 
this  genus,  where  Dalla  Torre  and  Kieflfer  (1910)  placed  it.  It  has  a 
scutellum  which  is  more  speciaUzed  than  is  usual  in  the  genus  Diastrophus 
and,  although  it  is  not  as  developed  as  in  Gonaspis  potentillce ,  this  char- 
acter, taken  in  connection  with  the  speciaUzed  gall  of  the  insect,  is 
enough  to  warrant  considering  the  species  to  belong  to  Gonaspis. 

Rhoditini 
Rhoditbb 

Including  Lytorhodites  Kieflfer 
The  radial  cell  in  this  genus  is  closed  in  thirty  species,  but  it  is  more 
or  less  open  in  six  species,  R.  aref actus  Gillette,  R,  midtispinosus  Gillette, 
R.  nehulosus  Bassett,  R,  neglertus  Gillette,  R.  ostensackeni  Beuten- 
miiller,  and  R.  h^prnipiceus  (Harris)  [  =  /?.  fulgens  Gillette].  The 
closed  radial  cell  is  found  nowhere  else  in  the  family  except  in 
the  group  to  which  Anlacidea  belongs,  and  it  is  not  to  be  sup- 
posed that  a  closod-cell  geims  is  evolved  from  other  than  a  closed-celled 
genus.  It  appears  that  Rhodites  is  evolved,  directly  or  indirectly,  from 
Aidocidea  or  from  a  group  from  which  they  both  originated.  The  species 
with  the  open  radial  cell  show,  in  that  respect,  a  higher  development,  and 
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give  a  clue  to  the  evolution  within  the  genus.  Kieffer  has  established 
(1902,  Bull.  Soc.  Metz,  (2)  X,  p.  96)  a  distinct  genus,  Lytorhodites,  for 
these  species,  but  there  seem  hardly  enough  other  distinctive  characters 
to  warrant  making  of  the  group  more  than  a  subgenus. 

In  R.  vemus  Osten  Sacken  {  =  R,  nodxdosus  Beutenmiiller)  the  first 
abscissa  of  the  radius  is  arcuate,  a  primitive  condition  of  the  vein.  The 
only  other  groups  in  the  family  where  this  vein  is  arcuate  are  some  of  the 
genera  of  the  Aulacini,  and  Rhodites  is  most  Ukely  descended  from  one  of 
the  groups  of  that  tribe.  All  the  other  species  of  the  genus  have  de- 
veloped an  angulate  vein,  in  this  respect  showing  speciahzation,  but  even 
in  most  of  these  species  the  vein  is  only  slightly  angulate  and  has  not 
developed  the  angle  to  any  great  degree. 

The  second  abdominal  segment  throughout  this  genus  is  well 
developed,  occupying  a  half  to  two-thirds  of  the  whole  abdomen.  This 
is  a  more  specialized  condition  of  the  segment  than  occurs  in  Avlacidea 
and  a  less  specialized  condition  than  in  most  of  the  species  of  oak  gall- 
makers. 

The  hypopygium  of  the  insects  of  this  genus  is  a  remarkably  de- 
veloped structure.  It  is  broad  and  very  acutely  pointed,  "plow-shaped.'' 
This  is  a  very  speciaUzed  form  for  that  segment  to  assume;  throughout 
the  rest  of  the  family  it  is  quite  inconspicuous  and  without  a  peculiar 
form. 

The  hosts  of  this  group  of  gall-wasps  are  plants  of  the  genus  Rosa. 
Every  known  species  of  the  genus  occurs  on  roses.  One  species,  R, 
rosoe^  is  believed  to  produce  a  gall,  rarely,  on  plants  of  the  related  genus 
Rubus  but,  although  this  gall  does  resemble  the  mossy  gall  occurring  on 
rose,  I  do  not  know  that  any  one  has  bred  the  adult  wasps  from  the  black- 
berry gall  and  definitely  proved  the  identity  of  the  maker.  Other  records 
of  species  of  Rhodites  occurring  on  Rvbus  are  undoubtedly  errors  in  the 
determination  of  the  host.  There  is  no  question  that  the  insects  are 
remarkably  specialized  in  their  choice  of  hosts.  Compared  with  the 
distribution  of  the  Aulacini  upon  plants  of  thirty-five  different  genera, 
this  restriction  of  Rhodites  (which  genus  contains  about  half  as  many 
species  as  the  whole  tribe  of  the  Aulacini)  undoubtedly  indicates  a 
higher  degree  of  evolutionary  development,  a  degree  matched  only  by  the 
concentration  of  the  Cynipini  upon  the  genus  Quercus  and  only  less  re- 
markable than  the  speciahzation  of  the  oak  gall-makers  because  the 
number  of  the  species  of  Rhodites  is  many  times  less  than  that  of  the 
Cynipini.    The  degree  of  speciahzation  is  complete  in  either  case. 
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The  galls  produced  by  the  insects  of  this  genus  vary  considerably  in 
degree  of  complexity.  The  galls  of  R.  vernus  and  of  R,  Jusijormans,  for 
instance,  are  comparatively  simple  swellings  of  stems,  entirely  insep- 
arable from  the  plant,  and  agglomerate  or  polythalamous — primitive 
characters.  On  the  contrary,  the  galls  of  R.  hicolor,  R,  nebtdosaj  R.  rosce^ 
et  al.,  are  very  complex  developments,  entirely  separable  from  the  plant, 
highly  modified  in  form,  and  with  a  high  development  of  the  larval  cell. 
All  degrees  of  complexity  between  these  two  extremes  are  to  be  found. 
The  larval  cell  is  distinct  in  most  of  the  galls  and  has  a  well-developed 
wall,  but  in  no  case  that  I  know  of  is  the  cell  separable  from  the  rest  of 
the  gall.  That  is,  the  galls  indicate  a  wide  range  in  the  degree  of  develop- 
ment, evolutionarily,  of  various  species  of  the  genus,  but  in  no  case  are 
the  galls  as  highly  complex,  i.  e.,  as  highly  developed,  as  in  some  of  the 
genera  of  the  oak  gall-makei*s. 

The  mode  of  reproduction  within  the  genus  undoubtedly  varies  con- 
siderably among  the  species.  It  would  be  especially  interesting  to  ob- 
serve the  reproduction  of  a  species  Uke  R.  vernus^  for  instance,  which  in 
wing-venation  (arcuatf^  first  abscissa  of  the  radius)  and  simplicity  of  the 
gall  appears  to  be  a  more  primitive  form.  It  is  possible  that  the  repro- 
duction of  that  species  is  primitive,  normal,  sexual  reproduction.  But  it 
appears  that,  on  the  whole,  the  species  of  this  genus  reproduce 
agamically,  with  the  males  still  existent  but  not  usually  abundant  enough 
to  fertilize  many,  if  any,  of  the  females.  As  Adler  stated  concerning 
this  group,  "The  few  males  that  are  still  produced  are  thus  superfluous, 
and  we  can  predict  that  they  will  probably  become  extinct  in  the  course 
of  time'*  (Adler-Straton,  1894,  p.  153).  Males  are  bred  much  less  often 
than  are  the  females  and,  from  what  limited  data  we  can  gather,  they 
appear  (cf .  Table  IV)  to  constitute  only  about  two  or  three  per  cent  of 
the  total  number  of  individuals.  But  this  does  not  always  apply  to  the 
progeny  of  any  one  individual;  my  first  breeding  of  Rhodites  rosce  gave 
six  females  and  seven  males,  although  subsequent  breedings  of  the  same 
species  have  only  rarely  given  me  any  males  at  all.  Gradually  the  male 
sex  is  disappearing  from  the  genus  and  in  consequence  agamic  reproduc- 
tion is,  likewise  gradually,  becoming  the  sole  means  of  reproduction  for 
these  insects.  Adler  (1880)  secured  normal  galls  and  insects  from  the 
unfertilized  eggs  of  Rhodites  rosce  and  R.  eglanteriaSy  and  there  is  thus  no 
doubt  that  these  unfertilized  eggs  are  entirely  capable  of  maturing.  This 
agamy,  almost  completely  achieved,  is  undoubtedly  more  specialized, 
more  recently  evolved,  than  the  normal,  sexual  means  of  reproduction. 
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Adler  (1880)  proved  by  experimentally  breeding  for  successive 
generations,  that  Rhodites  roscBy  R.  eglanierice,  and  R.  spinossissimw 
produce  galls  and  adults  in  the  second  generation  which  entirely  re- 
semble the  galls  and  adults  of  the  parent  generation,  i.  e.,  that  there  is 
no  alternation  of  generations  among  these  species  such  as  occurs  among 
the  oak  gall-makers.  I  have  obtained  a  second  generation  of  Rhodites 
ignotus  which,  similarly,  is  like  the  parent  generation,  and  it  is  unlikely 
that  alternation  of  generations  occurs  anywhere  in  the  genus. 

Smnming  our  conclusions  concerning  the  evolutionary  position  of 
Rhodites,  we  find  that  it  shows  primitive  relationships  in  some  respects 
but  is  more  or  less  specialized  in  other  ways.  The  closed  radial  cell  of 
most  of  the  species,  the  arcuate  first  abscissa  of  the  radius  of  one  species, 
and  the  simple  gaUs  of  some  species  require  that  we  derive  the  genus 
directly  from  some  group  as  primitive  as  Aulacidea,  However,  the  high 
speciaUzation  in  the  choice  of  host,  the  developed  hypopygium,  and  the 
occurrence  of  agamy  throughout  the  genus  show  a  great  degree  of  de- 
velopment beyond  that  attained  by  Avlacidea,  The  variation  in  the 
degree  of  specialization  of  the  wing-venation  and  of  the  gall-structure 
indicates  a  considerable  evolution  occurring  within  the  group  itself. 

Ctnipdvi 

NBUBOTBEU8 

This  includes  Neuroterus  Hartig,  Spalhegaster  Hartig,  Ameristtis 
A.  Forster,  Manderstjemia  Radoszkowski,  a,nd  Dolichostrophiis  Ashmead. 

In  this  group  of  oak  gall-makers  the  radial  cell  is  entirely  or  partiaUy 
closed  in  six  species,  and  in  the  remaining  forty-eight  species  it  is  entirely 
open.  This  would  indicate  that  the  group,  rather  directly  descended 
from  the  closed-cell  genera  Aulacidea  or  Rhodites,  has  had  considerable 
evolution  occurring  within  the  genus  itself. 

The  first  abscissa  of  the  radius  shows  considerable  variation  in 
Neuroterus,  from  a  condition  almost  arcuate  to  a  form  very  distinctly 
angulate  with  a  sUght  projection  into  the  radial  cell.  In  no  case,  how- 
ever, that  I  have  examined  is  the  vein  as  broadly  and  entirely  arcuate 
as  in  the  genus  Aulacidea. 

The  second  segment  of  the  abdomen  of  species  of  Neuroterus  is 
about  one-half  as  long  as  the  whole  abdomen,  being  somewhat  longer 
dorsally  in  the  female  but  with  a  less  extent  laterally,  so  that  the  seg- 
ment in  this  genus,  though  larger  than  in  the  Aulaeini,  is  smaller  than 
in  the  other  oak  gall-wasps.    That  is,  there  is  closer  relationship  to  the 
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Aulacini  than  is  shown  by  this  character  by  other  genera  of  the  Cynipini, 
and  this  suggests  that  in  this  group  are  the  forms  most  Uke  the  ancestral 
Cynipini. 

The  galls  of  this  genus  are  entirely  restricted  to  oaLs,  the  group 
showing  in  this  respect  the  extreme  specialization  of  the  choice  of  hosts 
which  is  found  in  all  the  Cynipini  and  which  is  a  remarkable  condition. 

The  galLs  of  Neuroterus  are,  on  a  whole,  comparatively  simple  but 
there  is  some  degree  of  difference  in  complexity  of  galls  of  various  species. 
The  differences,  however,  are  not  nearly  as  great  as  the  differences 
between  the  galls  of  two  genera  of  the  oak-gall-producing  cynipids. 
The  galls  of  twenty-six  species  are  polythalamous  and  inseparable,  four 
species  have  monothalamous  galls  which  are  also  inseparable,  while 
twenty-two  species  have  monothalamous  galls  which  are  separable 
from  the  plant.  The  polythalamous  galls  (the  more  primitive  type) 
are  always  inseparable  (a  more  primitive  character) ;  all  but  a  few 
of  the  monothalamous  (speciaUzed)  galls  are  separable  (a  speciaUzed 
character).  Some  of  the  species  are  so  primitive  as  hardly  to  produce 
a  gall,  e.  g.,  Neuroterus  virgens  and  N.  catesbcei.  Even  in  the  most 
specialized  galls  the  structure  is  never  highly  developed;  there  is  no 
separation  of  parts;  and  there  is  no  production  of  any  abundance  of 
new  tissue  or  peculiar  structures.  The  galls  never  consist  of  more  than  a 
rather  simple  wall  surrounding  the  larval  cell,  rarely  with  a  little  simple 
pubescence,  sUghtly  pecuUar  shape,  etc.  The  lai*val  cell  is  sometimes 
quite  distinct  from  the  rest  of  the  tissue  of  the  gall,  in  some  species  much 
less  so  than  in  others  but  in  no  case  that  I  know  of  is  it  separable  from 
the  rest  of  the  gall.  Again,  in  gall-structure,  we  find  proof  of  the  primi- 
tive nature  of  Neuroterus,  more  primitive  than  in  any  other  group  of 
the  Cynipini  but  within  the  genus  showing  some  considerable  evolution. 
It  is  likely  that  further  study  of  the  galls  may  give  further  warrant  for 
dividing  the  group  into  the  several  genera  which  have  already  been 
proposed  for  these  species. 

Reproduction  in  this  group  is  so  closely  concerned  with  alternation 
of  generations  that  it  should  be  considered  in  that  connection.  The  Ufe 
histories  of  seven  species  have  been  studied  and  in  every  one  of  these 
cases  heterogeny  has  l)een  discovered.  It  is  very  likely  that  in  most  of 
the  other  species  of  the  genus  a  similar  heterogeny  exists,  but  it  is  ex- 
tremely important  to  discover  whether  all  of  the  species  have  this  soi-t 
of  life  historj'.  The  alternate  generations,  as  far  as  known,  always  occur 
on  similar  parts  of  the  plant,  the  galls  appearing,  superficially,  rather 
different,  but  a  closer  study  shows  that  in  most  instances  the\^  are  of  very 
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similar  pattern.  The  galls  of  four  of  the  European  species  studied  are 
leaf-galls,  all  these  being  monothalamous  and  separable  from  the  plant, 
with  differences  between  alternate  generations  amounting  to  differences 
of  form  and  not  of  plan  of  structure.  The  gall  of  the  European  Neuroterus 
apriUnus  is  a  bud-gall,  the  alternate  of  which  is  more  distinctly  different 
than  with  other  species  of  this  genus.  The  American  species  of  Neuro- 
terus of  which  the  Ufe  histories  are  known  show  still  less  distinction 
between  the  galls  of  the  two  generations,  having  no  greater  differences 
than  what  would  l)e  necessitated  by  the  differences  in  the  state  of  the 
plant  at  the  times  of  the  year  in  which  the  galls  are  produced.  The 
adults  of  the  two  generations  in  this  genus  are  Ukewise  very  similar, 
differing  prunarily  in  being  bisexual  in  one  generation  and  agamic  in 
the  other.  Concerning  the  European  species  Adler  said  (1881,  p.  26): 
**If  we  compare  the  flies  of  the  two  generations  belonging  to  any  of  the 
species  above  described,  we  shall  find  the  differences  at  first  sight  very 
sUght.  The  difference  of  colouring  Is  unimportant,  and  is  chiefly  obsen^- 
able  in  a  slight  variation  in  the  colour  of  the  legs;  nor  is  the  size  of  the 
body  very  different,  while  the  form  and  surface  markings  agree  in  manj^ 
points.*^  And  he  then  pointed  out  that  the  only  important  differences  are 
those  of  form  of  abdomen  and  of  ovipositor,  due  to  the  different  modes  of 
reproduction  of  the  two  forms.  Among  our  American  species  the  differ- 
ences between  the  adults  of  the  two  generations  are  even  less  marked. 
There  is  no  doubt  that  the  heterogeny  found  among  the  species  of  Neuro- 
terus amounts  to  no  more  than  seasonal  dimorphism  with  agamic  repro- 
duction in  alternate  generations.  This  is  in  marked  contrast  to  the  great 
differentiation  between  alternate  generations  of  the  species  of  other 
cynipids  where  heterogeny  occui-s.  No  other  instances  of  differentia- 
tion of  alternate  generations  as  slight  as  in  Neuroterus  are  known  among 
the  other  cynipids.  Again  we  find  proof  that  the  genus  Neuroterus  is 
more  primitive  than  the  other  oak  gall-wasps. 

In  conclusion,  we  believe  that  Neuroterus  is  one  of  the  most  primi- 
tive groups  of  the  Cynipini,  derived  rather  direct^  from  A ti/ac?Vfea,  and 
that  a  considerable  evolution  has  occurred  within  the  genus.  Conse- 
quently, in  tliis  group  we  may  expect  to  find  the  primitive  stages  of 
several  of  the  biological  characteristics  of  the  oak  gall-makers,  and  con- 
siderable attention  given  to  the  study  of  the  life  histories  of  species  of 
Neuroterus  is  Ukely  to  be  well  repaid  by  discoveries  which  will  cast  Ught 
on  the  evolution  of  the  highly  specialized  cynipids. 
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DISBOLCA8PU 

HolcoMpis  Mayr  (not  of  Chaudoir)  is  a  synonym  of  Dishokaspis  Dalla  Torre  and 
Kieffer. 

In  this  genus  the  radial  cell  is  open.  In  most  eases  the  apical  portion 
of  the  subcosta  is  very  short  or  lacking  and  the  radius  terminates  a  con- 
siderable distance  from  the  margin  of  the  wing.  This  is  the  greatest 
reduction,  the  greatest  specialization,  of  these  veins,  found  regularly  in 
any  genus  in  the  family. 

The  first  abscissa  of  the  radius  in  every  instance  is  very  angulate, 
the  angle  approaching  ninety  degrees,  and  the  projection  into  the  radial 
cell  is  always  very  distinct.  This  comes  very  near  to  being  an  extreme 
of  the  form  assumed  by  this  vein  in  the  Cynipidse — the  extreme  which  we 
have  considered  the  most  highly  specialized  condition. 

The  second  abdominal  segment  is  not  as  highly  developed  as  in 
many  of  the  other  oak  gall-makers,  though  it  is  more  developed  than  in 
the  Aulacini.  It  regularly  covers  a  half  of  the  abdomen.  These  con- 
siderations, taken  alone,  would  suggest  that  Disholcaspis  is  either  more 
primitive  than  the  rest  of  the  Cynipini  or  that  it  has  developed  independ- 
ently of  most  of  those  oak  gall-makers. 

The  hosts  of  these  insects  is  QuercuSy  these  wasps  showing  the  same 
extreme  specialization  in  this  choice  of  hosts  as  is  characteristic  of  all  of 
the  Cynipini.  Another  sort  of  specialization  shown  by  this  group  is  the 
production  of  the  galls  of  most  of  the  species  upon  a  single  part  of  the 
plant — the  lateral  buds.  It  appears  to  be  the  stem  that  is  affected,  but 
M.  T.  Cook  (1904,  p.  143)  pointed  out  that  for  at  least  some  of  the  species 
it  is  really  the  bud  that  produces  the  gall.  Most  of  the  genera  of  gall- 
wasps  include  species  which  will  attack  the  several  parts  of  the  plant,  but 
in  Amphibolips,  Cynips  (of  European  authors),  and  Disholcaspis  the 
species  of  each  genus  are  confined  mainly  to  a  single  part  of  the  plant. 
This  seems  to  be  specialization  that,  following  generic  lines,  indicates 
something  of  the  phylogenetic  position  of  the  group. 

The  galls  produced  by  the  species  of  Disholcaspis  are  amopg  the 
most  complex  productions  of  the  Cynipidse.  The  galls  are  all  monothala- 
mous;  they  show  a  distinct  separation  of  the  zones  resulting  especially 
in  the  formation  of  the  very  distinct,  highly  modified  wall  of  the  larval 
cell,  which  in  most  species  is  entirely  free  in  the  central  cavity  of  the 
gall;  and  the  galls  are  only  very  slightly  connected  with  the  plant,  in 
many  cases  leaving  the  host  long  before  the  insect  has  reached  maturity. 
The.se  are  all  characters  indicating  a  high  degree  of  specialization.  In 
some  cases  the  galls  assume  peculiar  forms  (e.  g.,  Disholcaspis  fungi- 
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formis)  but  the  degree  of  complexity  of  plan  of  structure  is  absolutely 
uniform  throughout  the  group.  The  only  apparent  exceptions  to  this 
rule  are  the  best  proof  of  the  rule.  Twenty-seven  of  the  species  are 
strictly  of  the  sort  described.  The  species  called  Disholcaspis  weldi,  D. 
centricolaj  D.  douglasij  D.  macvlipennis,  D,  brevipennataj  D,  arizonica, 
and  D.  truckeerms  produce  galls  which  are  very  different  from  typical 
galls  of  DisholcaspiSf  but  none  of  these  species  really  belong  to  this 
group.  The  adults  of  the  species  hrevipennata,  centricolaj  macidipennis, 
and  weldi  have  parapsidal  grooves  extending  to  the  pronotum  (not  quite 
entire  in  weldi) ,  have  the  second  abdominal  segment  "tongue-shaped," 
i.  e.,  produced  dorsally,  and  in  other  ways  are  generically  different  from 
the  species  belonging  in  Disholcaspis,  which  genus  was  correctly  limited 
by  original  definition  to  forms  having  the  parapsidal  grooves  extending 
only  to  the  middle  of  the  mesothorax  and  the  posterior  edges  of  the  second 
segment  of  the  abdomen  perpendicular  or  nearly  so.  Mayr  (1902)  very 
properly  removed  cerUricola  and  dougldsi  to  the  genus  Dryaphanta, 
with  some  of  the  species  of  which  genus  they  have  evident  relationship; 
and  there  is  as  good  reason  for  removing  from  Disholcaspis  the  other 
species  listed  above.  Again,  arizonicay  which  is  apparently  unknown  ex- 
cept from  the  type  material  which  I  have  not  seen,  is  the  only  species 
included  in  Disholcaspis  which  has  fifteen-jointed  antennae,  and  was 
first  described  (for  reasons  not  evident  from  the  description)  as  "closely 
related  to  Cynips  sxdcatus  Ashmead,  but  differs  by  its  much  darker  colour 
and  infuscated  wings.  It  seems  to  go  best  in  Holcaspis^^  (Cockerell, 
1902,  p.  183).  If  this  species  differs  from  Cynips  sidcaitis  mainly  in 
color,  it  certainly  does  not  belong  to  the  genus  Disholcaspis.  Finally, 
inickeensis  has  the  parapsidal  grooves  extending  to  the  pronotum  (only 
half  as  long  in  true  Disholcaspis)  j  has  the  cheeks  almost  as  long  as  the 
compound  eyes  (only  half  as  long  in  true  Disholcaspis),  and  I  have  ob- 
tained it  in  both  sexes  {Disholcaspis  is  entirely  agamic).  That  is,  none 
of  the  apparent  exceptions  are  truly  exceptions  to  the  rule  of  the  uni- 
formity of  degree  and  sort  of  complexity  of  the  galls  of  this  genus.  And 
such  complete  uniformity  is  not  very  Ukely  mere  coincidence  but  must 
be  trulv  significant  of  the  genetic  relations  of  the  insect  producing  the 
gall. 

Reproduction  in  Disholcaspis  must  be  entirely  agamic.  No  males 
have  ever  been  bred  from  or  found  in  the  galls  of  this  group. 

Whether  alternation  of  generations  occurs  in  Disholcaspis,  with 
possibly  bisexual  reproduction  in  an  alternate  generation,  is  not  definitely 
known.    The  genus  is  confined  to  America,  so  European  workers  have 
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not  studied  the  life  histories  of  any  of  the  species.  I  have  tried  to  breed 
the  species  for  successive  generations  but,  thus  far,  have  not  succeeded. 
Several  of  the  species  require  two  years  or  more  for  an  insect  to  reach 
matiuity  and  this  makes  the  experimental  study  of  these  insects  very 
diflScult.  All  of  the  species,  apparently,  emerge  in  the  winter.  I  have 
observed  D,  globulus  ovipositing  in  the  lateral  buds  of  oaks  but  secured  no 
galls  from  these  buds.  Whether  a  gall  similar  to  that  in  which  the  parent 
insect  matured  would  have  resulted  if  the  eggs  had  developed  we  cannot 
say  positively. 

DisholcaspiSj  then,  is  a  genus  which,  in  having  an  undeveloped 
second  abdominal  segment,  shows  what  would  appear  to  be  a  primitive 
character.  But  in  wing-venation,  restriction  of  the  choice  of  host  and 
of  the  part  of  the  host  affected,  in  the  great  complexity  of  gall-structure, 
and  in  completely  agamic  reproduction  (in  the  one  generation,  at  any 
rate),  it  shows  great  specialization,  which  is  almost  as  great  as  that 
reached  by  any  other  genus  of  cynipids.  It  may  be  that  the  group  is 
derived  directly  from  the  primitive  oak-gall-producing  Cynipidae,  be- 
coming, however,  very  specialized.  I  cannot  otherwise  explain  the  per- 
sistance  of  the  small  abdominal  plate.  Knowledge  of  the  life  cycle  of 
some  of  the  species  would  throw  considerable  Ught  on  the  question. 

SUMMARY 

The  following  are  my  conclusions  which  apply  to  the  true  gall- 
wasps: 

1. — The  closed  radial  cell  of  the  wing  is  more  primitive  than  the 
open  cell;  closed-cell  genera  or  genera  containing  any  species  with  the 
cell  closed  must  be  derived  from  closed-cell  genera. 

2. — The  arcuate  first  abscissa  of  the  radius  is  more  primitive  than 
the  angulate  vein  showing  a  projection  into  the  radial  cell;  the  character 
of  this  vein  is  of  generic  importance  and  the  extent  of  development 
toward  the  angulate  vein  indicates,  in  general,  the  extent  of  evolution 
of  the  genus. 

3. — The  size  of  the  dorsal  plate  of  the  second  abdominal  segment  is 
of  generic  significance;  the  smaller  plate  is  more  primitive;  but  this 
character  among  some  Cynipini  does  not  always  show  as  great  specializa- 
tion as  other  characters  in  a  genus,  indicating  diverse  Unes  of  evolution 
within  the  Cynipini. 

4. — The  primitive  Cynipidae  were  polyphagous;  the  restriction  of 
Diastrophvs  mainly  to  Poientilla  and  RuhuSy  and  the  almost  complete 
restriction  of  the  Rhoditini  to  Rosa  and  of  the  Cynipini  to  Quercus  show 
great  specialization  which  occurred  along  three  distinct  lines  of  evolution. 
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5. — The  form  of  the  gall  is  an  indicator  of  the  specific  nature  of  the 
insect  and  also  of  the  generic  relations  of  the  insect;  the  degree  of  com- 
plexity of  the  gall-structure  is  likewise  an  expression  of  the  generic  posi* 
tion  of  the  insect,  the  simplest  galls  being  produced  by  the  most  primi- 
tive gall-wasps,  and  the  more  complex  galls  by  more  speciaUzed  wasps. 
The  primitive  cynipida  were  plant-tissue  inhabiting,  not  gall-making, 
insects. 

Amph'»locr«ps 

^\Canirhyti5 


Timois 

/^uIqc  ide 
Phanacis 


FiouKK  1 .     Relations  of  some  cynipid  genera. 

6. — The  primitive  Cynipida?  were  bisexual  species  with  normal, 
sexual  reproduction.  By  the  gradual  disappearance  of  the  male  and  the 
gradual  increase  of  parthenogenetic  reproduction,  species  have  become 
agamic  at  several  times  along  distinct  lines  of  evolution  within  the 
history  of  the  gall-wasps. 
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7. — Alternation  of  generations  is  a  development  of  seasonal  di- 
morphism, a  gradual  evolution  incited  by  the  differences  in  the  nature  of 
existence  in  different  parts  of  the  host  plant  at  different  seasons  of  the 
year,  and  achieved  after  a  struggle  for  the  fixation  of  the  new  generation. 
Agamy  is  not  the  primitive  method  of  reproduction;  it  is  of  great  ad- 
vantage to  the  winter  generation  of  dimorphic  cynipids,  and  may  have 
originated  because  of  this. 

8. — The  highly  specialized  phenomena  characteristic  of  the  gall- 
wasps  (gall  production,  agamic  i-eproduction,  and  heterogeny)  are  of 
doubtful  advantage,  with  the  apparent  consequences  of  the  loss  of 
vitality,  exposure  to  the  force  of  many  enemies,  and  the  ultimate  extinc- 
tion of  the  insects. 

9. — Atdacidea  and  Phanacis  are  in  every  respect  the  most  primitive 
of  the  CynipidcB. 

10. — Timasjns  is  almost  as  primitive. 

11. — Aylax  is  primitive,  but  shows  some  specialization. 

12. — Dmstrophus  is  derivetl  from  the  Atdacidea-AyULV  group. 

13. — Gonaspis  is  a  specialized  development  of  Diastrophus. 

14. — RhoditeSy  derived  directly  frcmi  Axdncidea^  is  highly  specialized. 

15. — Neurolerus  is  the  most  primitive  of  the  Cynipini,  and  in  that 
genus  arc  to  be  discovered  the  incipient  stages  of  some  of  the  peculiar 
phenomena  of  the  Cynipida'. 

16. — Disholcaspisj  highly  specialized  in  most  respects,  shows  some- 
what direct  relationsrfiips  to  more  primitive  groups. 

The  conclusions  concerning  the  origin  of  the  fully  studied  genera 
may  be  siunmarized  as  shown  in  figure  1. 
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Plate  XXXII 
Wing  venation  and  Abdomen  Characters  of  the  Cynipidffi 
First  abscissa,  radial  vein 

Periclistus  sylvestris. 

Ceroptres  dccUricula. 

Synergus  lignicola. 

Anlacidea  succinea  (fossil). 

A.  bicolor. 

A,  iumida  (R=  first  abscissa,  radial  vein). 

A.  annuUUa. 

Aylax  leavenworthi. 

Diastrophus  niger. 

D.  nebulo8U8, 

D.  radicum. 

Gonaspis  cuscutceformis. 
Fig.  12a.  Neuroterus  batalus  hisexualis. 
Fig.  13.     Gonaspis  potentillw. 
Fig.  13a.  Neuroterus  floccosus. 
Fig.  14.     Rhodites  muUispinosus. 
Fig.  14a.  Neuroterus  vesiculus,  9  • 
Fig.  15.    Rhodites  bicolor. 
Fig.  15a,  Neuroterus  vesic2dy^,  cf . 
Fig.  16.    Rhodites  bicolor. 
Fig.  16a.  Neuroterus  irregularis. 
Fig.  17.    Andricus  coronus. 
Fig.  18.     A.  petiolicola. 
Fig.  19.    A.furnaceus. 
Fig.  20.    A.  peredurus. 
Fig.  21.     A.  singularis. 
Fig.  22.    A .  futilis  futUis 
Fig.  23.    A.  futilis  radidcola. 
Fig.  24.    A.  punctaius. 
Fig.  25.     Dryophanta  dugesi. 
Fig.  26.     D.  maculipennis. 
Fig.  27.     D.  centricola. 
Fig.  28.     Disholcaspis  globulus. 
Fig.  29.     D.  dnerea. 
Fig.  30.     D.  mamma. 
Fig.  31.     Cynips  strobilana. 
Fig.  31a.  Andricus  pomiformis. 
Fig.  32.     Cynips  capvJt^medusce. 
Fig.  32a.  Amphibolips  dnerea. 
Fig.  33.     Cynips  gaUaS'tindorice. 
Fig.  33a.  Amphibolips  gainesi. 
Fig.  34.     Cynips  calids. 
Fig.  34a.  Amphibolips  confluens  spongifi  a. 
Fig.  35.     Cynips  kollari. 
Fig.  35a.  Amphibolips  confluens  a^icidata. 

Abdomen  of  Cynipoids  (II  =  second  segment) 
Fig.  36.    Ibalia  maculipennis^  X5. 
Fig.  37.     Auladdea  progenitrix  (fossil),  X  12. 
Fig.  38.    A.  bicolor,  X  25. 
Fig.  39.     Diastrophus  nebulosus,  X  16. 
Fig.  40.     RhodUes  dichlocerus,  X  20. 
Fig.  40a.  Neuroterus  bataius  bisexualis,  X  25. 
Fig.  41a.  Amphibolips  dnerea,  X  10. 
Fig.  42.     Andricus  singularis,  X  20. 
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Article  Vm.— ADDITIONS  TO  THE  ANT  FAUNA  OF  THE  WEST 

INDIES  AND  CENTRAL  AMERK^A 

By  William  M.  Mann 

During  the  winter  of  1917-18  the  writer  spent  several  months  in 
Cuba  and  one  in  the  Bahamas,  engaged  in  field  work  for  the  U.  S. 
Bureau  of  Entomology.  In  the  present  paper  are  Usted  most  of  the  ants 
collected  during  this  time  and,  in  addition,  several  from  other  localities, 
some  of  which  were  given  to  me  by  Prof.  W.  M.  Wheeler  and  some  re- 
ceived by  the  U.  S.  National  Museum  from  other  sources.^ 

A  number  of  the  Cuban  forms  are  those  described  by  Roger  in 
1863  and  not  since  seen  by  myrmecologists.  Among  these  are  the  very 
interesting  Prenolepis  gibberosa,  belonging  to  Prenolepis  sensu  stridOj 
Camponotus  spfioerums,  and  C.  sphceraliSy  known  hitherto  only  from  the 
workers,  which  prove  to  be  remarkable  forms  belonging  to  the  subgenus 
Colobopsis,  Twenty-two  forms  are  listed  as  new  to  Cuba,  which  brings 
the  number  known  from  the  island  to  ninety-nine.  As  Wheeler  has  noted 
(1913,  Bull.  Mus.  Comp.  Zool.,  Camb.,  LIV),  the  ant  fauna  is  poor.  The 
endemic  species  are  mostly  inhabitants  of  the  forests  and  have  dis- 
appeared in  those  districts  that  have  been  cleared.  But  even  in  the 
magnificent  woods  in  the  mountains  of  Oriente,  Santa  Clara,  and  Pinar 
del  Rio,  one  does  not  find  many  species,  though  the  majority  of  them 
belong  to  the  older  fauna.  The  desert  region  on  the  southeast  coast, 
which  has  never  been  searched  by  myrmecologists,  would  certainly  be 
productive  of  new  forms,  probably  species  related  to  those  found  in 
similar  locaUties  on  Hayti. 

The  writer  wishes  to  acknowledge  with  thanks  his  obligations  to 
Mr.  E.  C.  Holden  of  the  Mina  C'arlota  and  to  the  officials  of  the  Spanish 
American  Iron  Company  at  Felton,  for  facilities  in  travel  and  residence; 
and,  in  the  Bahamas,  to  his  Excellency,  the  Governor,  Sir.  Wm.  Allar- 
dyce  and  to  Mr.  W.  F.  Doty,  the  U.  S.  Consul,  for  their  kind  interest  and 
help. 

Prof.  W.  M.  Wheeler  kindly  gave  the  freedom  of  his  collection  to 
compare  specimens  and  also  aided  me  in  certain  identifications.  The 
accompanying  drawings  were  made  by  Miss  Mary  Carmody. 


KU>typeB  of  the  new  species  are  in  the  V.  S.  National   Museum  and  The  Amerioan  Museum    of 
Natural  luatory. 
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PONXBINiB 
Platjtli3rrea  punctata  (F.  Smith) 
Smith,  1858,  Cat.  Hymen.  Brit.  Mus.,  part  6,  FormicidjB,  p.  108,  8 ,  cf . 
Bahamas: — Andros  (Fresh  Creek);   Eleuthera. 
Cuba: — Baracoa. 

The  specimens  from  Baracoa  were  found  nesting  in  a  hollow  twig. 
This  species  is  nocturnal  and,  in  the  Bahamas  at  Fresh  Creek  on 
Andros  Island,  I  saw  workers  foraging  at  night  and  taking  small  insects 
that  had  been  attractrd  by  the  Ught  I  was  using. 

Kuponera  (Trachymesopus)  stigma  (Fabricius) 
Fabricius,  1804,  Syst.  Piez.,  p.  400,  S . 

Bahamas: — Andros  (Mangrove  Cay). 

Cuba: — Baracoa;   Pinares;   Mina  Carlota;  Felton. 

I  fail  to  find  in  a  large  series  any  specimens  that  can  be  identified  as 
Roger's  succedanea. 

Ponera  opaciceps  Mayr 

Mayr,  1887,  Verh.  zool.-bot.  Ges.  Wien,  XXXVII,  p.  536,  S ,  9 . 

Cuba: — Guantanamo;  Piedra  Gorda;  Pinares;  Santiago  de  Cuba; 
San  Bias;   Mina  Carlota. 

Laptogenys  (Leptogenjrs)  puncticepg  Emery 
Emery,  1890,  Ann.  Soc.  ent.  France,  (6)  X,  p.  62,  note,  6 . 

Cuba : — Baracoa. 

Several  workers  taken  from  a  small  colony  beneath  a  stone  are 
referable  to  the  typical  fonu  of  this  species,  which  is  known  also  from 
Costa  Rica,  Grenada,  and  Hayti. 

Odontomachus  h»matoda  (Liim^)  notata,  new  variety 
The  body  is  black  as  in  the  typical  form,  but  the  dorsal  surface  of  the  epinotum, 
the  petiole,  and  the  femora  are  rich  brownish  red  in  color;  the  apices  of  the  femora, 
the  tibia),  tarsi,  and  the  scapes  are  fuscous. 

I  propose  this  name  for  a  color  variety  of  h(vmotoda  from  Monte 
Mandios,  Porto  Rico  (Wheeler  Coll.). 

Odontomachus   h»matoda   (Linne)   subspecies  inBularis  Gu^rin 
variety  ruginodis  Wheeler 
WheeleR;  1905,  liull.  Amcr.  Mus.  Nat.  Hist.,  XXI,  p.  82,  5,   9  . 
Cuba: — Santiago  de  Cuba. 
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Odontomachus   hnmatoda   (Liiin^)  subspecies  insularis  Gu^rin 
variety  pallens  Wheeler 
Wheeler,  1905,  Bull.  Amer.  Mus.  Nat.  Hist.,  XXI,  p.  82,  9,  9 ,  d'. 
Bahamas: — Eleuthera  (Bluff). 

Cuba: — Mina  Carlota;   Piedra  Gorda;   Baracoa;   Guantanamo. 
This  is  the  commonest  form  of  the  species,  both  in  Cuba  and  the 
Bahamas. 

Odontomachus   hmnatoda   (Linn^)  subspecies  insularis  Gu^rin 
wheeleri,  new  variety 

Near  var.  pollens,  but  distinguished  by  having  the  dorsal  surface  of  the  epinotum 
and  the  entire  petiole  yellow  in  color  in  contrast  to  the  red  of  the  thorax  and  head. 
The  legs  are  yellow,  with  the  tarsi  fuscous.  The  specimens  are  undoubtedly  mature 
and  fully  colored  and  I  consider  them  a  local  and  very  distinct  color  variety. 

Four  workers  from  Baracoa,  Cuba  (V.  J.  Rodriguez  Coll.),  given  to 
me  by  Prof.  Wheeler,  are  very  characteristically  colored. 

MTBMICINiB 
Psaudomyrma  elongata  Mayr 
Mayr,  1870,  8itz.  Ak?id.  Wiss.  Wien,  LXI,  pp.  408-413,  8. 

Bahamas: — Andros   Island    (Mangrove   C?ay);   Eleuthera  (Bluff). 

Psaudomyrma  elongata  Ma^T  variety  cubaensis  Forel 
FoREL,  1901,  Ann.  Soc.  ent.  Belg.,  XLV,  p.  342,  9. 

Cuba: — Havana;  Cienfuegos;  Limones;  Santiago  de  Cuba; 
Cristo;   Guantanamo;   Baracoa,  Felton;  Pinares,  San  Bias,  Guane. 

Common  and  widely  distributed.  It  is  known  as  the  "mordehuya," 
a  name  meaning  '^bite  and  run,'*  very  descriptive  of  its  habits. 

Psaudomyrma  flavidula  F.  Smith 
Smith,  1858,  Cat.  Hym.  Brit.  Mus.,  part  6,  Formicidae,  p.  157,  9. 

Bahamas: — Andros  (Mangrove  Cay);  Eleuthera  (Bluff). 

On  both  visit^s  to  the  Bahamas  I  have  found  the  sexual  phases  of 
this  species  living  with  workers  of  P,  elongata,  Wheeler,  who  found  the 
two  species  associated  in  a  similar  manner,  but  with  workers  of  jlavidvla 
also  present,  on  New  Providence,  has  placed  the  record  among  cases 
of  mixed  colonies  of  exceptional  or  problematic  character  (Ants,  p.  504). 
The  females  from  these  mixed  nests  are  much  smaller  (length  4-4.25 
nun.)  than  queens  from  ordinary  colonies  in  the  same  locaUties  (length 
6  mm.)  None  are  dealated  and  some  are  not  fully  colored,  evidently 
recently  transformed  individuals,  which  shows  that  they  have  developed 
in  the  same  nests,  indicating  that  flavidula  is  an  occasional  temporary 
parasite  of  elongata. 
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Pseudomynna  flavidula*F.  Smith  variety  pasoti  Santschi 
P.  pazosi  Santschi,  1909,  Bull.  Soc.  eut.  France,  p.  309,  8,9. 

Cuba: — Havana;  Guane;  Cienfuegos;  Mina  Carlota;  Santiago  de 
Cuba;  Pinares;  Cardenas. 

Moderately  abundant  throughout  the  island. 

Monomoriuxn  floricola  (Jerdon) 
Atta  floricola  Jerdon,  1851,  Madras  joum.  litt.  sci.,  XVII,  p.  107,  8 . 
Cuba: — Cienfuegos;  Santiago  de  Cuba. 

Monomoriuzn  carbonarium  F.  Smith  subspecies  ebeninum  Forel 
FoRBL,  1893,  Trans.  Ent.  Soc.  London,  p.  388,  8,  9  . 
Bahamas: — Andros  (Fresh  Creek). 
Cuba: — Yateras  District;  Guantanamo. 

Monomoriuzn  (Zenomyrmez)  stolli  Forel  subspecies  floridanus  Emer\^ 
variety  lucajranus  Wheeler 
Wheeler,  1905,  Bull.  Amer.  Mus.  Nat.  Hist.,  XXI,  p.  87,  8 . 
Bahamas: — Andros  (Mangrove  Cay). 
One  colony  taken  from  a  hollow  twig. 

Cardiocondyla  emersri  Forel 
Forel,  1891,  Grandidier's  Hist.  phys.  nat.  polit.  Madagascar,  XXII,  pp.  160, 161. 
Cuba:— Cabaflas;  (Wheeler  Coll.). 

Tetramorium  lucayanum  Wheeler 
Wheeler,  1905,  Bull.  Amer.  Mus.  Nat.  Hist.,  XXI,  p.  101,  fig.  l,  8 . 

Female  (dealated). — Length  3  mm. 

The  mesonotum  is  striated  longitudinally,  similar  to  the  head.  The  striae  of 
the  scutellmn  are  feeble  basally  and  coarse  apically.  The  postpetiole  is  longitudinally 
striate.   Other  characters  are  as  in  worker  with  the  usual  sexual  modifications. 

Cuba: — Cienfuegos;  Cristo;  Guantanamo. 

Lives  in  small  colonies  beneath  stones.    The  Cuban  workers  agree 
closely  with  the  description  of  this  species  from  the  Bahamas. 

Tetramorium  nlmilllmnm  (Nylander) 
Formica  simillima  Nylander,  Smith,  1851,  List  Brit.  Animals,  Brit.  Mus.,  part  6, 
Aculeata,  p.  118,  8. 

Bahamas: — Andros  (Fresh  Creek). 

Cuba: — Cristo. 

This  is  the  first  Cuban  record  of  this  common  tropicopolitan  species. 
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Tetramoriuin  guineenso  Fabricius 
Fabricius,  1793,  En  torn.  System.,  II,  p.  367,  9 . 

Bahamas : — Andros. 

Cuba : — Throughout  the  island.  One  of  the  commonest  ants  attend- 
ing Coecidff. 

Macromiacha 

The  genus  Macromischaj  besides  containing  some  of  the  most  ex- 
quisitely structured  and  beautifully  colored  species  of  ants,  is  of  much 
interest  in  being  the  only  one  of  what  may  be  considered  as  truly  Antil- 
lean  genera  that  is  well  developed.  The  two  ponerine  genera,  Spanio- 
pone  and  Emeryella  from  Hayti  and  the  myrmicine  Nesomyrmex  from 
Grenada,  each  known  from  a  single  species,  as  well  as  Aphcenogaster 
relida  and  its  variety  epinotalis  from  Hayti,  ^re  undoubtedly  relicts  of 
an  ancient  and  now  almost  extinct  ant  fauna,  which  has  been  replaced 
by  numerous  more  recently  introduced  species.  But  Macromiachxij 
belonging  to  this  same  endemic  fauna,  instead  of  dying  out,  has  developed 
both  in  habit  and  structure  into  one  of  the  most  diversified  myrmicine 
genera. 

One-half,  or  fourteen,  of  the  known  species  live  in  Cuba,  the  center 
of  distribution;  the  others  are  scattered,  two  or  three  to  each  locality,  on 
Hayti,  Porto  Rico,  St.  Thomas,  the  Bahamas,  Central  America,  and  one 
even  as  far  as  southern  Texas.  The  number  of  undescribed,  as  compared 
with  the  known,  species  must  be  considerable  and  careful  collecting  in 
the  West  Indies,  Central  America  and  northern  South  America  will 
surely  yield  many  new  forms.  The  species  are  extremely  sporadic  and 
often  rare  locally  and  hard  to  find.  On  New  Providence,  in  the  Bahamas, 
I  searched  for  two  days  in  the  identical  locality  in  which  Wheeler  found 
four  colonies  of  Af .  splendens  without  finding  it,  but  taking  instead  M. 
aUardyceiy  new  species.  On  Andros  Island  I  found  M,  pastinifera,  which 
was  not  taken  by  Wheeler,  who  found  its  variety  opacipes  and  M, 
androsana  on  the  same  island.  Of  the  six  species  taken  during  my  five 
months  in  Cuba,  only  two  species  are  referable  to  any  of  those  taken  by 
Gundlach  and  Poey,  and  described  by  Roger  in  1863  and  Wheelerin  1913. 

The  most  usual  nesting  place  for  the  known  species  in  is  hollow 
twigs.  Some,  as  affinis,  nest  in  rotten  wood,  and  others,  especially  the 
small  group  that  I  separate  as  the  subgenus  Antillcemynnex,  in  the 
ground.  M,  sallei  and  it«  variety  haytiana  build  beautiful  carton  nests, 
which  have  been  figured  by  Cu^rin  (1852,  Rev.  Mag.  Zool.,  II,  PI.  iv) 
and  Wheeler  and  Mann  (1914,  Bull.  Amer.  Mus.  Nat.  Hist.,  XXXIII, 
p.  36).    The  habits  of  the  great^^r  number  of  species  are  unknown. 
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The  species  belonging  to  the  genus  may  be  separated  into  more  or 
less  well-defined  subgenera,  as  follows: 

Subgenus  Macromischa  [type  M,  purpurata  Roger],  including  pur- 
purataj  porphyritiSy  sqiiamifera,  subdetiva,  Uevissimay  salleij  androsana, 
pastinijeraj  affinis,  fuscata,  salvint^  flavitarsiSj  allardycei,  splendens, 
scabripeSj  isabeUce,  punicanSy  cressoni,  and  lugens.  This  is  still  a  hetero- 
genous grouping,  but  the  various  charactei*s  intergrade  so  much  that  a 
further  division  is  not  desirable  untill  larger  series  can  be  studied. 

Subgenus  CroBSomyrmez,  new  subgenus  [type  Macromischa  {Crcpsa- 
myrmex)  wheeleri  Mann],  including  those  species  with  unarmed  epinota 
and  elongate  petiolar  nodes — wheeleri ^  irin,  poeyi,  gundlachi,  and  versi- 
color. 

Subgenus  Antiltomyrmex,  new  subgenus  [type  Macromischa  {Antil- 
Uemyrmex)  terricola  Mannj.  Small,  hypogseic  species,  with  rectangular 
heads  and  short  peduncles  to  the  petiole,  including  terricola,  pidchella, 
albispina,  and  flavidvla. 

The  following  key,  a  modification  of  the  one  published  by  Wheeler 
(1908,  Bull.  Amer.  Mus.  Nat.  Hist.,  XXIV,  pp.  141-142)  includes  aU 
of  the  known  species  with  the  exception  of  litcayensis  Forel  and  schwarzi 
Mann,  which  are  known  only  from  females. 

1 .  Species  with  metallic  coloration 26. 

Species  without  metallic  coloration,  or  merely  with  violet  reflections,  on  head  or 

first  gastric  segment 2. 

2.  Epinotum  unarmed 3. 

Epinotum  armed  with  spines 6. 

3.  Thorax  with  a  profound  meso-epinotal  constriction;  light  red,  with  black  anten- 

na; and  gaster;  legs  dark  brown.    Length  7  mm.  (Cuba) . .  punicans  Roger. 
Thorax  without  meso-epinotal  constriction 4. 

4.  Dark  red,  the  whole  body  with  violet  reflections;  petiole  three  times  as  long  as 

broad.     Length  4  ram.     (Cuba) gundlachi  Wheeler. 

Bicolored  species 5. 

5.  Head  and  gaster  black  or  dark  brown;  body  red;  femora  with  basal  half  thin 

and  apical  half  suddenly  strongly  incrassated;    thorax  finely  and  densely 

punctate.     Length  5  mm.     (Cuba) poeyi  Wheeler. 

Femora  less  strongly  incrassated.      Thorax  densely  tuberculately  punctate. 
Length  5.5  mm.      (Isle  of  Pines) versicolor  Roger. 

6.  Meso-epinotal   constriction   profoimd.      (Mexico) cressoni   Em.  Andr^. 

Meso-epinotal  constriction  obsolete  or  very  feebly  marked 7. 

7.  Small  yellow  species.     Length  1.5-2.25  mm 8. 

Small  species.    Length  1.5-2.25  mm.;  color,  at  least  in  part,  black 9. 

Larger  or  differently  colored  species 13. 

8.  Smooth  and  very  shining.    Length  1.5-1.7  mm.  (Hayti). 

flamdula  Wheeler  and  Mann. 
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Head  and  t}iorax,  petiole  and  postpetiole  sculptured  and  less  shining.    Length 

2-2.5  mm.    (Bahamas) aUardycei  Mann. 

9.  Petiole  with  a  long  slender  peduncle,  suddenly  enlarged  into  an  upright  antero- 
posteriorly  compressed  scale 10. 

Peduncle  short,  gradually  sloping  into  the  node  which  is  not  compressed  antero- 
posteriorly.    Subterranean  species 11 . 

10.  Head  and  thorax  rugulose;  epinotal  spines  shorter  and  stouter;  hairs  on  body 

longer  and  more  abimdant.   Length  2  nmi.  (Texas) 8id)d€tiva  Wheeler. 

Head  and  thorax  glabrous;  epinotal  ^pines  longer  and  more  slender;  pilosity 
less  abundant.     Length  1.6  nam.     (Mexico) Icevissima  Wheeler. 

11.  Surface  of  body,  except  the  gaster,  very  densely  punctate  and  opaque.    Length 

2-2.25  mm.    (Culebra  and  Mona  I.^ albispina  Wheeler. 

Surface  of  body,  at  least  in  part,  shining 12. 

12.  Thorax  glabrous  above.    Length  1.5  mm.    (St.  Thomas) pnlchella  Emery. 

Thorax  punctate,  though  not  densely,  and  less  shining.    Length  1.5-1.75  nam. 

(Cuba) terricola  Mann. 

13.  Bicolored  species,  with  at  least  the  head  or  thorax  red  or  yellowish 14. 

Deep  brownish  red  or  black,  or  with  a  brown  transverse  band  on  each  gastric 

segment •. 22. 

14.  Petiolar  node  rising  abruptly  from  a  long  and  slender  pedimcle 15. 

Petiolar  node  gradually  sloping  from  a  shorter  and  thicker  peduncle 21 . 

15.  Jet  black,  except  the  head,  which  is  red,  and  coxa;  and  trochanters  which  are 

yellow;    thorax  and  epinotum  with  strong  and  even  transverse  sulci. 

Length  3.5  mm.    (Cuba) scahripea  Mann. 

Differently  colored  and  sculptured  species 16. 

16.  Larger  species.    Length  3.5-5  mm.    Node  rising  abruptly  from  peduncle,  but 

rather  broadly  rounded  above,  not  strongly  compressed  anteroposteriorly 

and  not  bent  forward  at  upper  margin 17. 

Smaller  species.  Length  1.9-2.6  nam.  Node  strongly  compressed  antero- 
posteriorly and  distinctly  bent  forward  at  upper  margin 19. 

17.  Petiolar  node  in  profile  longer  than  high,  with  anterior  surface  more  rounded. 

Length  3  mm.  (Cuba) affinis  Mann. 

Petiolar  node  in  profile  higher  than  long,  with  anterior  surface  more  abrupt . .  18. 

18.  Length  5  mm.,  form  stouter;   epinotal  spines  more  thickened  at  base.     (San 

Domingo) saUei  Gu6rin. 

Length  3.5-4  mm.,  form  more  slender;  epinotal  spines  less  thickened  at  base. 
(Ha3rti) saUei  subsp.  hayiiana  Wheeler  and  Mann. 

19.  Upper  border  of  petiole  node  bent  forward  but  slightly;  head,  postpetiole  and 

gaster  black.    Length  1.9-2  mm.    (Bahamas) androsana  Wheeler. 

Upper  border  of  petiole  much  curved  forward,  both  head  and  thorax  red 20. 

20.  Legs  shining.    Length  2.6  mm.    (Bahamas) pastinifera  Emery. 

Legs  opaque,  finely  and  densely  punctate.     Length  2-2.5  mm.      (Bahamas) 

pastinifera  var.  opacipes  Wheeler. 

21.  Petiolar  node  laterally  compressed,  with  a  conical  summit;  epinotal  spines  very 

small  and  erect;  head,  gaster  and  femora  black;  thorax,  petiole  and  post- 
petiole red;  tibiae  and  tarsi  yellow;  head  and  thorax  opaque.  Length  3.5- 
2.7  mm.    (Porto  Rico) wafeeZ/o?  Wheeler. 


Digitized  by 


Google 


410  BuUetin  American  Museum  of  Natural  Hutory  [Vol.  XLII 

Petiolar  node  not  laterally  compressed;   epinotal  spines  long  and  slender  and 
pointing  backward;  brown,  gaster  black.    Length  3  mm.    (Cuba). 

affinU  Mann. 

22.  Large  species  (length  6-6.5  mm.);  surface  opaque;  head  and  gaster  with  faint 

violet  reflections.    (Cuba) Ixigens  Roger. 

Smaller.     (Length  3-3.5  mm.).    At  least  somewhat  shining 23. 

23.  Petiolar  node  gradually  sloping  from  the  peduncle,  from  above  longer  than  broad 

and  not  compressed  anteropostcriorly.    Length  3  mm.    (Guatemala). 

fuscaia  Mann. 

Petiolar  node  rising  abruptly  from  the  peduncle;  from  above  twice  as  broad  as 

long 24. 

24.  Thorax  above  finely  striate  and  punctate  and  shining;   epinotal  spines  much 

longer  than  their  distance  apart  at  base.    Length  3  nun.     (Guatemala). 

flavUarsis  Mann. 

Thorax  above  coarsely  rugose  and  subopaque;    epinotal  spines  shorter  and 

thicker.    Length  4-4.2  nmi 25. 

25.  With  a  brown  transverse  band  on  each  gastric  segment;    antennal  scapes 

reaching  or  barely  surpassing  occipital  comers.    (Panama) . . .  sabnni  Forel. 

Gaster  entirely  brown;    scapes  distinctly  surpassing  the  occipital  comers; 

femora  less  incrassated;    peduncle  of  petiole  longer  and  more  slender. 

(Panama) aalvini  var.  cbscurior  Forel. 

26.  Epinotum  unarmed 27. 

Epinotum  armed  with  long  spines 28. 

27.  Head  opaque,  densely  punctate;  nodes,  gaster  and  femora  dark  metallic  green 

or  brown;  pedicel  yellowish  brown;  tibia;,  tarsi,  and  funiculi  ligher  brown. 

Length  5-5.5  mm.    (Cuba) iris  Roger. 

Head  smooth  and  very  shining;  metallic  green  throughout,  except  tarsi,  which 
are  brownish.    Length  3.75-4  mm.     (Cuba) wheeleri  Mann. 

28.  Greater  portion  of  head  glabrous 29. 

Head,  at  leajst  on  front,  rugose  or  striate 30. 

29.  Body  shining  metallic  green  with  violet  reflections;  nodes  of  petiole  and  post- 

petiole  brown,  shining,  with  metallic  green  or  blue  reflection;  peduncle  of 
petiole  and  articulations  honey-yellow;   scapes  light  brown.    Length  4 

nam.    (Cuba) squamifera  Roger. 

Nodes  of  petiole  and  the  postpediole  jet  black;    antennal  scapes  dark  brown  to 
black.    (Cuba) squamifera  var.  atrinodis  Mann. 

30.  Petiole  as  long  as  the  thorax,  very  slender;   epinotal  spines  long  and  slender; 

thorax  irregularly  rugose;    head  finely  striate  in  front,  smooth  above; 
violet  in  color,  thorax  red,  passing  into  violet  on  the  pleurae.  Length  5-6  mm. 

(Cuba) purpurata  Roger. 

Petiole  not  as  long  as  thorax;  less  elongate  and  differently  colored  species ....  31 . 

31.  Head  and  thorax  densely  punctate  and  purplish  red,  with  violet  reflections  and 

silky  lustre;  gaster  black.  Length  5-5.5  mm.  (Cuba) . .  porphyrins  Roger. 
Thorax  covered  with  strong,  regular  arcuate,  transverse  ruga* ;  head  with  dense 
longitudinal  niga?;  head  and  thorax  deep  metallic  green,  passing  into  violet 
on  the  checks,  pleurae  and  epuiotum;  mandibles,  cylpeus,  frontal  carina;, 
neck,  terminal  tarsal  joints,  and  anterior  end  of  petiolar  peduncle  dull 
orange;  remainder  of  petiole,  postpetiole,  gaster,  and  legs  black;  cox«, 
trochanters  and  extreme  bases  of  femora  honey-yellow.  Length  3-3.5  nmi. 
(Bahamas) splendeps  Wheeler. 
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Macromischa  (Macromischa)  purpurata  Roger 
Roger,  1863,  Berliner  Ent.  Zeitschr.,  VII,  p.  184,  S . 

Worker. — ^Length  5-6  mm.    (Fig.  1). 

Form  slender.  Head  oval,  narrowed  behind,  comers  rounded  and  occipital 
margin  straight.  Mandibles  stout,  five-toothed.  Clypeus  rather  strongly  notched  at 
anterior  border.  Antennae  short,  their  scapes  not  attaining  occipital  margins;  first 
and  second  funicular  joints  twice  as  long  as  broad,  the  remaining  joints  gradually 
increasing  in  size  to  the  club;  terminal  joint  longer  than  the  two  preceding  joints 
together.  Frothorax  evenly  rounded  at  sides,  not  much  broader  than  the  mesothorax , 
sides  of  meso-  and  epinotimi  subparallel.  Epinotai  spines  rather  thick  at  basal  half 
and  very  slender  apically,  divergent  and  curving  slightly  upward.  Peduncle  of  petiole 
exceedingly  slender,  as  long  as  the  femora,  gibbous  at  sides  posterior  to  the  middle; 
node  less  than  a  third  as  long  as  the  pedicel,  high  and  rounded  above  and  in  front, 
sloping  behind;  from  above  about  twice  as  long  as  broad,  with  sides  rounded  in 
front.  Postpetiole  bell-shaped,  nearly  three  times  as  broad  behind  as  in  front. 
Femora  and  tibia  incrassate. 


Fig.  1.     Macromischa  (Macromischa)  purpurata  Ro«er,  tf .     Thorax  and  petiole  from  side. 


Body  and  appendages  shining.  Mandibles  with  sparse  and  coarse  punctures  and 
short  longitudinal  strisD.  Cl\i)eus  with  a  longitudinal  carina  at  middle.  Front  and 
cheeks  with  separated  curved  strise,  some  of  which  are  concentric  with  the  eye  and 
others  extend  medially  on  the  occiput;  sides  of  occiput  smooth.  Thorax  and  epinotum 
with  coarse  ruga;  which  are  longitudinal  on  pronotum  and  very  irregular  behind. 
Petiole,  postpetiole,  gaster,  legs  and  antenna;  finely  punctate.  Hairs  on  body  and 
appendages  long,  fine  and  erect. 

Head  black,  with  violet  reflections.  Thorax  and  epinotum  red :  petiole  and  post- 
petiole brown  to  dark  brown,  gaster  and  appendages  black. 

Female  (dealated). — Length  6  ram. 

Diflfering  from  the  worker  in  the  much  finer  sculpture  of  the  thorax.  The  scutel- 
lum  is  twice  as  broad  us  long  and  broadly  impressed  longitudinally  at  middle.  The 
epinotai  spines  are  short  and  ti*iangular,  basally  as  broad  as  long.  The  pedicel  is 
very  much  shorter  and  stouter  than  in  the  worker 

Cuba: — Pinares  (OricMite). 
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The  exceedingly  long  petiole,  with  the  low,  rounded  node,  the  long 
epinotal  spines,  and  the  beautiful  coloration  make  this  one  of  the  most 
striking  species  of  ants. 

The  three  colonies  that  I  found  were  in  deep  woods  near  the  Wood- 
ford Inn  at  Pinares,  one  in  a  hollow  twig  on  the  ground,  one  in  a  twig 
that  was  dangling  at  the  end  of  a  slender  vine  and  one  among  the  suckers 
at  the  base  of  a  Tilland^ia.  Several  foraging  workers  seen  on  leaves  and 
fern  fronds  were  moving  leisurely  about  and  were  holding  the  gaster  in  a 
horizontal  position.    When  excited,  they  bent  it  somewhat  downward. 

My  specimens  agree  well  with  Mayr's  description,  except  that  the 
petiolar  spines  and  legs  are  very  dark  reddish  brown  to  black.  They 
may  represent  a  local  variety,  as  the  types  were  from  Yateras  and 
Santiago  de  Cuba  on  the  other  side  of  the  island  and  all  of  the  species 
are  very  local,  but  I  prefer  to  consider  the  series  before  me  as  typical, 
until  I  see  others  with  light  brown  legs  and  epinotal  spines. 

Macromischa  (Macromischa)  squamifera  Roger  atrinodis,  new  variety 

WoBKER. — Length  4  mm.    (Fig.  2). 

Head  a  little  longer  than  broad,  occipital  angles  broadly  roimded;  border  nearly 
straight.  Surface  of  clypeus  rather  flat;  anterior  border  straight.  Antennae  short, 
their  scapes  not  quite  attaining  the  occipital  corners;  first  funicular  joint  about  as 
long  as  the  next  two  joints  together;  club  moderately  well  defined,  with  the  first  two 
joints  subequal  in  length  and  the  terminal  joint  as  long  as  both  the  others  together. 
Eyes  convex,  situated  at  middle  of  sides  of  head.  Thorax  robust,  without  distinct 
sutures.  Eipnotal  spines  about  as  long  as  peduncle  of  petiole,  slender  and  nearly 
straight.  Peduncle  more  than  twice  as  long  as  node,  toothed  anteroventrally  and 
tuberculate  at  sides  a  little  behind  middle;  node  shorter  than  high;  from  above  more 
than  twice  as  broad  as  long,  and  strongly  narrowed  at  sides.  Postpetiole  a  little 
broader  than  petiole,  nearly  as  broad  in  front  as  behind.  Femora  and  tibiae  strongly 
incrassated. 

Shining  throughout.  Head  sparsely  punctate  above;  rugulose  on  cheeks,  clyp- 
eus and  between  frontal  carinse.  Mandibles  striate.  Antennae  striolate  and  punc- 
tate. Thorax  transversely  rugose,  the  rugae  on  pronotum  being  more  widely  separated 
and  less  regular  than  those  on  the  meso-and  epinotum.  Petiole,  postpetiole,  gaster, 
and  legs  finely  punctate. 

Hairs  scattered,  coarse  and  erect. 

Color  violaceous  black  to  blue,  the  violet  varying  as  the  light  changes,  most 
pronounced  on  the  occiput  and  thorax  and  less  on  the  gaster.  Mandibles  and  anten- 
nal  scapes  brownish.  Peduncle  of  petiole,  tips  of  coxae,  trochanters,  and  base  of  femora 
yellow. 

Femajle  (dealated). — Length  .6.5  mm. 

Epinotal  spines  shorter  than  in  the  worker  and  femora  proportionally  less 
swollen.  Ocelli  large.  Pronotum  coarsely  and  irregularly  striated  transversely. 
Striae  of  mesothorax  and  scutellum  finer  and  more  rugose  than  in  the  worker. 

Cuba:— Mina  Carlota  (Trinidad  Mts.). 
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The  workers  in  my  series  agree  with  Roger's  description  of  squam- 
ifera,  except  that  the  petiolar  node  and  postpetiole  are  jet-black  in  color 
and  not  brown. 

Several  colonies  of  this  beautiful  species  were  found  in  the  woods  about 
the  mine.  During  my  first  visit,  in  November,  the  weather  was  cold  and 
misty,  and  this  species  was,  with  the  exception  of  a  few  Tetranwrium 
guineense  workers,  the  only  ant  that  I  observed  foraging. 

It  nests  in  hollow  twigs,  sometimes  in  Uve  plants  but  preferring  small 
ones  on  the  ground,  in  humid  woods.  Apparently  it  is  not  rare,  but  is 
very  local.  On  December  24, 1  hunted  the  entire  day  without  finding  a 
single  specimen ;  on  the  25th  I  found,  in  practically  the  same  part  of  the 


Fig.  2.     Macromiacha  (Macromurha)  squamifera  Roger  var.  atrinodis  Mann,   tf .      Thorax  and 
petiole  from  side. 

woods,  eight  colonies.  The  workers  are  timid.  When  a  twig  containing 
a  colony  is  broken,  some  come  out  and  attempt  to  sting,  but  the  sting  is 
too  feeble  to  make  itself  felt. 

Several  colonies  were  kept  alive  for  more  than  a  month.  While 
getting  them  to  leave  the  twigs  that  I  had  broken  and  to  enter  others, 
I  put  them  in  a  box  over  a  pan  of  water.  Many  of  the  workers  fell  into 
the  water  and  apparently  drowned.  I  afterwards  put  these  half-drowned 
workers  back  in  the  box  and  the  others  cleaned  them  of  water  and 
carried  them  into  the  nest.  About  fifty  workers  were  **  salvaged ''  in  this 
manner.  They  were  seized  by  the  mouth-parts,  with  the  pedicel  held 
backward  over  the  body  of  the  bearer,  and  carried  in  this  manner.  They 
all  recovered,  for  no  dead  ones  were  afterwards  brought  out  of  the  twigs. 

Macromiacha  (Macromiacha)  porphyritis  Roger 
Roger,  1863,  Berliner  ent.  Zeitschr.,  VII,  p.  185,  8 . 

Worker. — Five  to  5%  mm.  long  and  slender;  head  and  thorax  purple-red  with 
violet  reflection,  with  rather  opaque  silky  lustre.  Petiole  and  legs  shining  yellowish 
brown;  abdomen  black,  shining.  The  whole  body,  especially  the  antennse  and  legs, 
with  whitish,  erect  pubescence. 
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Head  oval,  moderately  narrowed  posteriorly  Eyes  towards  the  sides  in  the 
middle.  Mandibles  with  four  to  five  teeth,  strongly  striate  longitudinally.  Cl3T)eus 
between  the  antenn®  triangular,  truncated  behind,  feebly  carinate  in  middle;  towards 
the  carina,  obliquely  rugose.  Frontal  area  triangular,  not  sharply  defined;  longi- 
tudinally rugose,  opaque.  Antennal  grooves  not  as  large  and  deep  as  in  the  preceding 
species.  Antennae  black  with  blue  or  violet  lustre;  scape  extending  considerably 
beyond  the  hind  margin  of  head,  indistinctly  striate,  first  funicular  joint  as  long  as  the 
two  following;  last  four  joints  are  much  longer  than  wide  and  form  a  feeble  club. 
Head  densely  pimctate  "thimble-like"  and  irregularly  longitudinally  rugose. 

Pronotum  rounded  laterally,  constricted  before  mesonotum,  "thimble-like" 
punctate,  and  besides  especially  apically,  moderately  densely  rugose  longitudinally. 
Rest  of  the  thorax  transversely  and  on  the  sides  longitudinally  rugose.  Thoracic 
sutures  absent,  but  between  the  pro-  and  mesonotum  one  sees  indicated  a  feeble  semi- 
circular impression.  Epinotal  spines  very  long,  slender,  directed  posteriorly  and 
above,  and  in  the  middle  feebly  bent  angularly. 

Petiole  very  long,  slender,  when  viewed  from  above  feebly  angularly  dilated  at 
middle,  and  swollen  behind  into  a  low  rounded  node.  Postpetiole  bell-shaped,  some- 
what wider  than  the  first,  both  are  smooth.  Abdomen  long  and  oval,  first  segment 
the  largest.  Femora  slightly,  the  tibia;  not  at  all  swollen,  more  slender  than  in  the 
preceding  species.     iTranslat'on.] 

Cuba : — One  worker ;    (Roger) . 

Macromischa  (Macromischa)  pastinifera  Emery 
Emery,  1896,  Bull.  Soc.  ent.  Ital.,  XXVII,  p.  28,  PI.  I,  fig.  18,  S . 

Several  workers  were  taken  running  about  on  the  ground  in  a  pine 
yard  near  Fresh  Creek  on  Andros  Island,  Bahamas. 

Macromischa  (Macromischa)  allardycei,  new  specias 

Worker: — Length  2-2.50  mm.  (Fig.  3). 

Head  longer  than  broad,  as  broad  in  front  as  behind  with  feebly  convex  sides  and 
occipital  border.  Mandibles  with  five  teeth.  Clypeus  convex,  tricarinate;  anterior 
border  straight.  Antennte  short,  scapes  extending  about  two-thirds  the  distance  to 
occipital  corners  in  the  smallest  workers  and  three-fourths  in  the  largest;  first  fimic- 
ular  joint  more  than  twice  as  long  as  the  two  following  joints  together;  joints  three  to 
eight  twice  as  broad  as  long;  club  well-defined,  sl^  long  as  the  rest  of  funiculus,  with  the 
first  and  second  joints  only  sUghtly  longer  than  broad  and  the  terminal  joint  distinctly 
longer  than  the  other  two  together.  Eyes  large  and  convex;  situated  at  middle  of 
sides  of  head.  Thorax  robust,  without  sutures,  slightly  tapering  from  greatest  width 
(at  anterior  part  of  pronotum)  to  the  epinotal  declivity.  Epinotal  spines  widely 
separated  at  base,  longer  than  peduncle,  sickle-shaped,  curved  downward  and  mod- 
erately divergent.  Petiole  with  a  thick  peduncle,  shorter  than  the  node,  armed 
anteroventrally  with  a  strong,  elongate  tooth;  node  longer  than  high,  dorsal 
surface  broad  (in  profile  but  slightly  convex),  anterior  and  posterior  surfaces  sloping; 
from  above  evenly  tapering  into  the  peduncle,  with  two  minute  lateral  tubercles  a 
little  in  front  of  middle.  Postpetiole  a  little  broader  than  the  petiole  and  broader 
than  long,  slightly  narrowed  in  front,  with  moderately  rounded  sides.  Gaster  short 
and  broad.    Sting  very  feeble.    Femora  and  tibia*  somewhat  swollen. 
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Shining  throughout.  Mandibles  striate.  Head,  thorax,  epinotum,  and  petiole 
reticulately  carinulate,  with  the  intermediate  spaces  foveolately  punctate  and 
rugulose.  Postpetiole  ruguloee.  Gaster  and  legs  minutely  punctate  and  more  shining 
than  the  rest. 

Ek^ct,  stiff,  acuminate;  yellowish  hairs  moderately  abundant  on  head,  body  and 
appendages. 

Color  uniformly  testaceous. 

Female  (dealated). — Length  3.25  nmi. 

Head  about  as  long  as  broad,  broadest  behind.  Epinotal  spines  stout,  triangular, 
shorter  than  their  distance  apart  at  base.  Petiolar  node  shorter  and  deeper  than  in 
the  worker,  and  more  declivous  in  front.    Postpetiole  twic  e  as  broad  as  long. 

Head,  epinotimi,  petiole  and  postpetiole  sculptured  as  in  the  worker.  Mesono- 
tum  and  scutellimi  with  very  fine  longitudinal  stride  and  sparse,  foveolate  punctures. 

CJolor  darker  than  the  worker,  with  the  mesonotimi  and  gaster  and  a  spot  at  the 
ocelli,  ferruginous,  and  the  margins  of  the  mesonotmn  and  scutellmn  fuscous. 


Fig.  3.     Maeromischa  {Maeromitcha)  aUardycei  Mann,  fi  .     Thorax  and  petiole  from  side. 

Bahamas: — New  Providence. 

A  small  colony  of  this  species,  which  is  dedicated  to  Sir  William 
Allardyce,  Governor  of  the  Bahamas,  a  naturalist  himself  and  a  friend  of 
naturalists,  was  found  in  a  hollow  stem  of  Cladium  jamaicensis  on  the 
borders  of  a  swamp  on  the  road  between  Grants  Town  and  the  Blue 
HUls. 

The  structure  of  the  head  and  the  petiole  are  very  distinctive.  The 
most  curious  thing  about  the  species  is  the  presence  of  some  degree  of 
polymorphism,  one  worker,  the  largest  in  the  series,  having  the  head 
proportionately  broader  than  the  others  and  the  epinotal  spines  bent 
slightly  upward.  In  general  habitus  aUardycei  resembles  a  large  Lepto- 
thorax, 

Macromischa  (Macromischa)  schwarsi,  new  species 

Female  (de&lated). — Length  4.5  mm. 

Head,  excluding  the  mandibles,  a  little  broader  than  long,  considerably  broader 
behind  than  in  front,  with  rounded  comers  and  nearly  straight  occipital  borders. 
Mandibles  with  five  small  separated  teeth.  Clypeus  convex  basally  and  concave  at 
anterior  border.  Eyes  situated  at  middle  of  sides  of  head.  Ocelli  small.  Antennm 
stout,  their  scapes  slightly  surpassing  occipital  comers;  first  funicular  joint  nearly  as 
long  as  the  three  following  joints  together;  joints  two  to  eight  transverse;  terminal 
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joint  of  the  club  slightly  longer  than  the  two  preceding  joints  together.  Thorax 
robust,  flat  above.  Mesothorax  a  little  broader  than  longer.  Scutellum  twice  as 
broad  as  long.  Epinotal  base  and  declivity  rounding  into  each  other.  Epinotai 
spines  stout,  divergent  and  slightly  curved,  their  length  equal  .to  the  height  of  the 
petiolar  node.  Peduncle  of  petiole  much  longer  than  the  node,  with  a  small  ventral 
tooth  a  little  in  front  of  the  middle.  Node  in  profile  deeper  than  long,  narrow  above, 
with  a  declivous  anterior  and  a  rounded  posterior  face;  from  above  more  than 
twice  as  broad  as  long,  impressed  medially  and  narrowly  rounded  at  sides.  Post- 
petiole  short,  one  and  a  half  times  as  broad  as  the  petiole,  nearly  twice  as  broad  as 
long  and  broadest  in  front.  Sting  powerful.  Femora  and  tibise  moderately  incras- 
sated. 

Moderately  shining.  Mandibles  striate.  Head  and  mesonotum  finely  and 
densely  striate  longitudinally;  remainder  of  body  and  the  appendages  very  finely 
punctate,  the  punctation  of  the  postpetiole  more  dense. 

Scattered  erect  hairs  present  throughout.  Gaster  with  sparse,  short,  recumbent 
hairs. 

Color  brownish  red,  the  gaster  somewhat  darker  than  the  rest. 

Cuba: — Cayamas;    (E.  A.  Schwarz).    One  specimen. 

Very  distinct  from  the  other  Cuban  species.  The  petiolar  node  in 
profile  is  somewhat  bent  forward  at  its  upper  anterior  margin  similar  to, 
but  less  than  in,  androsana.  The  small  size,  color,  and  lack  of  metallic 
lustre  distinguish  it  from  the  other  Cuban  species  that  have  a  similarly 
anteroposteriorly  compressed  petiolar  node. 

Macromi8cha(Macromi8cha)  scabripes,  new  species 

Worker. — ^Length  3.5  nmi.    (Fig.  4). 

Head  longer  than  broad,  slightly  narrowed  in  front,  with  convex  sides,  broadly 
rounded  occipital  comers  and  straight  border.  Mandibles  5-dentate.  Clypeus 
rounded  basally,  very  shallowly  concave  at  anterior  border.  Antennse  short,  scapes 
not  attaining  occipital  corners;  funicular  joints  three  to  eight  a  little  broader  than 
long,  club  distinct,  the  terminal  joint  slightly  longer  than  the  two  preceding  taken 
together.  Eyes  convex;  situated  at  middle  of  sides  of  head.  Thorax  robust.  Pro- 
thorax  rather  flat  above,  with  rounded  sides  and  humeri  ^nd  a  pronounced  neck  in 
front;  a  little  broader  than  the  mesonotum.  Pro-mesonotal  suture  not  discernible. 
Basal  and  declivous  portions  of  epinotum  rounding  into  each  other  and  not  distinct. 
Epinotal  spines  short  and  stout,  curving  moderately  downward,  shorter  than  the 
distance  from  their  bases  to  posterior  margin  of  declivity.  Peduncle  of  petiole  twice 
as  long  as  the  node,  blsinuatc  below  and  bluntly  toothed  at  sides  beneath  node;  node 
thick,  in  profile  higher  than  long,  broadly  roimded  above;  the  anterior  surface  slightly 
convex  and  the  posterior  more  flattened;  from  above  less  than  twice  as  broad  as  long, 
rounded  at  sides  and  in  front  and  straight  behind.  Postpetiole  a  little  longer  than 
high;  from  above  about  as  long  as  broad,  rounded  at  sides  and  in  front.  Femora 
strongly  incrassated,  the  tibiae  moderately  so.   Sting  moderate. 

Body  and  appendages  shining.  Mandibles  and  antennal  scapes  striate.  Head 
irregularly,  densely  rugosely  striate.  Thorax  and  epinotum  with  a  series  of  about 
twenty-eight  strong  sulcte,  which  extend  transversely  across  the  dorsum  and  con- 
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tinte  diagonally  on  the  pleuiw.  Petiole,  postpetiole  and  gaster  minutely  punctate 
and  shining.  Femora  tuberculate,  the  tubercules  small  and  scattered:  the  inter- 
mediate surface  irregularly  striolate;  tibiae  with  short,  but  rather  strong  striae. 

ELairs  coarse,  and  erect  and  white;  moderately  abundant  on  head,  body,  and 
appendages. 

Head,  base  of  mandibles  and  anterior  portion  of  prothoracic  coUar  brownish  red ; 
COX8B  and  trochanters  yellow,  the  rest  black;  thorax  and  epinotum  with  greenish  lustre. 

Cuba: — Saetia  (Oriente). 

The  prominent  tuberculated  fermora  and  the  strongly  sulcated 
thorax  and  epinotum  are  characteristic.  There  is  a  greenish  reflection 
to  the  thorax.  M,  splendens  Wheeler  from  the  Bahamas  is  the  species 
nearest  to  scabripeSy  but  the  two  are  very  distinct. 


Fig.  4.     McuromUcha  (Macromiarha)  acabripes  Mann,  tf  .     Lateral  view. 

The  two  workers  from  which  the  species  is  described  were  found  in 
dry  open  woods  at  an  altitude  of  about  two  hundred  feet.  They  were 
running  very  rapidly  over  the  leaves  of  a  shrub  and  while  moving  carried 
the  gaster  bent  downward  and  forward  beneath  the  body  so  that  the 
insect  appeared  to  be  only  half  a«  long  as  it  really  was.  This  manner  of 
carrying  the  gaster  is  more  or  less  characteristic  of  all  the  species  but  is 
most  extreme  in  scabripefi.  In  squamifera  the  gaster  is  held  perpendicu- 
larly, in  wheehri  it  is  less  bent  and  in  purpurata  scarcely  at  all  downward, 
except  when  the  insect  is  excited. 

MacromiBcha  (Macromischa)  aflOnis,  new  sf^ecies 

Worker.— Length  3.25-3.50  mm.    (Fig.  o) . 

Head  ovat€,  longer  than  broad,  with  straight  posterior  border.  Mandibles  stout, 
o-dentate.  Clypeus  flattened  above,  with  a  median  longitudinal  and  two  lateral 
curved  carinte;  anterior  border  narrowly  but  distinctly  concave  at  middle.  Eyes 
strongly  convex,  situated  at  middle  of  sides  of  head.    Antenna?  slender,  their  scapes 
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slightly  surpassing  the  occipital  borders;  first  funicular  joint  as  long  as  the  two  suc- 
ceeding joints  together;  club  poorly  defined,  its  terminal  joint  a  little  shorter  thau  the 
other  two  together.  Thorax  and  epinotum  two  and  a  half  times  as  long  as  biA>ad; 
pronotum  scarcely  broader  than  epinotum.  Epinotal  spines  as  long  as  petiole  ir  pe- 
duncle, rather  thick  at  basal  half,  curving  downward  at  middle,  with  the  tips  bent 
distinctly  upward.  Peduncle  of  petiole  slender,  about  as  long  as  node,  with  a  small 
angular  tooth  anteroventrally  and  tubercles  at  base  of  node;  node  longer  than  liigh, 
broad  and  feebly  rounded  above,  with  sloping  anterior  and  posterior  surfaces;  from 
above,  longer  than  broad,  with  rounded  sides.  Postpetiole  one  and  a  half  timc«  as 
broad  as  petiole,  a  little  broader  than  long;  seen  from  the  side,  longer  than  high  and 
rather  flat  above.  Gaster  short;  sting  large.  Femora  incrassate  and  tibiae  almost  as 
strongly  so. 

Shining,  the  gaster  and  legs  much  more  strongly  than  the  rest.  Mandibles  and 
scapes  finely  striate  and  punctate.  Head,  thorax  and  epinotum  densely  and  coarsely 
rugose  puntcate  longitudinally.  Petiole  and  postpetiole  with  concentric  striae;  gaster 
and  legs  smooth. 


Fig.  5.     Macromi9cha  (Macromischa)  affinit  Mann,  tf  .     Thorax  and  petiole  from  side. 

Long  and  fine  white  pubescence  rather  abundant  on  head,  body  and  appendages. 
Antenna),  gaster,  border  of  mandibles,  apical  half  of  femora,  base  and  apex  of 
tibise  and  the  tarsi  black,  the  rest  rufo-testaceous. 

Cuba: — Felton;  Piedra  Gorda. 

Described  from  several  workers  taken  on  leaves  in  dense  woods  and 
from  one  small  colony  in  rotten  wood.  The  general  appearance  in  life 
is  very  much  like  that  of  a  Tetramorium.  This  species  resembles  saUei 
subsp.  haytiana,  but  is  smaller,  the  petiolar  node  rises  less  abruptly 
from  the  peduncle,  the  thorax  is  more  robust  and  the  sculpture  and 
color  different. 

Macromischa  (Macromiaha)  punicans  Roger 

Roger,  1863,  Berliner  ent.  Zeitschr.,  VII,  p.  189,  5 . 

Worker. — Length  7  mm. 

This  species  differs  from  the  other  species  of  the  genus  in  having  a  saddle-shaped 
impressed  thorax  and  also  in  having  a  more  square  than  oval  head,  and  finally  in  the 
postpetiole  not  being  bell-shaped,  but  quadrate.  But  since  the  petiole  is  moderately 
long  and  since  the  middle  and  hind  tibia;  are  without  terminal  spurs  I  have  placed  this 
species  here. 
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light  red  with  black  antennse  and  abdomen,  legs  dark  brown.  Head  slightly 
shining;  thorax  and  petiole  opaque;  abdomen  and  legs  very  strongly  shining.  Yel- 
lowish erect  hairs  scattered  everywhere.  Head  almost  quadrate,  rounded  at  angles. 
Clypeus  convex,  longitudinally  striate,  post-eriorly  smooth  and  shining.  Frontal 
area  indistinct.  Mandibles  with  five  teeth,  the  two  anterior  ones  strongest.  Mandi- 
bles longitudinally  rugose.  Antennal  fosste  small;  scape  stout,  of  uniform  thickness, 
reaching  the  hind  margin  of  the  head.  First  funicular  joint  as  long  as  the  two  follow- 
ing joints,  remaining  joints  as  broad  as  long  and  approximate;  club  three-jointed. 
Head  densely  striate  longitudinally.  Pronotum  convex,  rounded  laterally,  depressed 
posteriorly;  mesonotum  deeply  impressed  transversely  as  in  ^4 phisnogaster;  epinotum 
more  elevated,  rounded,  without  spines.  Entire  thorax  densely  punctate,  pro-  and 
mesonotum  besides  irregularly  rugose.  Petiole  not  as  much  produced  cylindrically 
in  front  as  in  the  other  species.  It  gradually  thickens  from  base  to  the  moderately 
high  node,  but  it  has  in  the  middle  small  lateral  tubercles  and  a  small  tooth  antero- 
ventrally.  Postpetiole  elongate  quadrate  with  rounded  comers.  Both  nodes  feebly 
rugose.  Abdomen  smooth,  very  shining,  its  first  segment  much  the  largest.  Legs 
comparatively  short,  femora  thickened,  rounded,  tibiae  moderately  short  and  some- 
what thickened.    Posterior  metatarsi  shorter  than  the  femora.     [Translation.) 

Several  workers  from  (.'uba;     (Roger). 

According  to  Wheeler,  who  looked  up  Gundlach's  notes  on  the 
Cuban  ants,  this  species  was  found  at  Santiago  de  Cuba  and  Monte 
Toro  in  the  mountains  of  Guantanamo, 


Macromischa  (Macr<»ni9cha)  lugens  Roger 
KotiER,  1863,  Berliner  ent.  Zeitschr.,  VII,  p.  188,  S. 

Worker. — Length  6-6.5  mm. 

Black,  opaque,  abdomen  feebly  shining,  with  bluish  reflections;  head  when 
viewed  in  certain  lights  with  ver>'  feeble  violet  reflection.  Legs  dark  brown,  shining 
and  as  well  as  the  whole  body,  beset  with  white  hairs.  The  oval  head  is  densely 
"thimble-like"  punctate,  not  shining,  at  sides  in  front  of  eyes  longitudinally  rugose. 
The  "thimble-like"  punctate  clypeus  anteriorly  with  curved,  posteriorly  with  longi- 
tudinal ruga?.  Frontal  area  in  the  middle  with  strong,  laterally  with  weaker  longi- 
tudinal rugsB.    Mandibles  coarsely  longitudinally  rugose. 

Pronotum  feebly  and  somewhat  angulatelj*^  widened  at  sides,  behind  the  angle 
somewhat  con'^tricted,  but  elsewhere  of  equal  width,  above  slightly  convex,  not  im- 
pressed, very  coarsely  rugose  longitudinally.  Petiole  moderately  elongate  in  front, 
posteriorly  enlarged  into  a  moderately  high  rounded  node,  without  ventral  tooth, 
"thimble-like"  punctate  with  some  longitudinal  ruga*.  Postpetiole  bell-shaped  and 
as  well  as  gaster  indistinctly  and  very  finely  rugose.  Legs  long,  femora  thickened  in 
front  of  middle,  tibiae  very  long  and  slender.     (Translation.) 

One  worker  from  Cuba;     (Rogers). 

Gundlach's  notes  state  that  this  species  was  taken  in  the  ^'high- 
land of  Camoa."  This  is  an  indefinitely  defined  region  in  the  province 
of  Pinar  del  Rio. 
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Macromiflcha  (Macromischa)  fuscata,  new  species 

Worker. — ^Length  3  mm. 

Head  a  little  longer  than  broad,  as  broad  in  front  as  behind,  with  narrowly 
romided  comers  and  straight  occipital  border.  Clypeus  convex;  anterior  border 
straight.  Eyes  moderately  convex,  situated  at  middle  of  sides  of  head.  Antennal 
scapes  not  attaining  occipital  comers;  first  funicular  joint  distinctly  longer  than  the 
two  succeeding  joints  together;  terminal  joint  as  long  as  the  two  preceding  joints 
together.  Thorax  and  epinotum  rather  slender;  pronotum  proportionately  broader 
than  in  jUmtarsus.  Epinotal  spines  thick,  longer  than  the  declivity  and  rather 
strongly  bent  downward  at  apical  third.  Peduncle  of  petiole  acutely  toothed  antero- 
ventrally,  as  long  as  the  node,  into  which  it  slopes  gradually;  node  longer  than  high, 
the  anterior,  dorsal  and  posterior  surfaces  broadly  rounding  into  each  other,  from 
above  as  long  as  broad.  Postpetiole  one  and  a  half  times  as  broad  as  petiole,  a  little 
longer  than  broad  and  slightly  narrower  in  front  than  behind,  with  moderately  con- 
vex sides.    Gaster  ovate;  sting  fine.     Femora  moderately  and  tibia)  scarcely  swollen. 

Shining.  Mandibles  striate.  Head  coarsely  and  very  densely  pimctate  through- 
out, with  longitudinal,  moderately  dense  and  interrupted  strise  on  vertex,  front, 
cheeks  and  clypeus.  Thorax  and  epinotum  longitudinally,  rugosely  carinate.  Petio- 
lar  node  rugose.  Postpetiole  densely  punctate.  Gaster  smooth.  Legs  and  ant«nnse 
finely  and  densely  punctate. 

Scattered,  erect,  stiflf,  and  obtuse  hairs  present  on  head  and  body  and  finer, 
.silky  pubescence  on  legs  and  antennae. 

Color  very  dark  brown  to  black,  gaster  black,  with  deep  blue  lustre;  tarsi  brown. 

Guatem'ala: — Antigua;  December  1911;  (W.  M.  Wheeler). 

The  elongate  postpetiole  and  the  structure  of  the  petiolar  node 
sharply  distinguish  fuscata  from  the  other  Central  American  species. 
The  epinotal  spines  are  unusually  coarse  and  strongly  curved.     The 
species  was  taken  in  a  hollow  twig. 

Macroxnischa  (Macromischa)  flavitarsis,  new  species 

Worker. — ^Length  3  mm. 

Head  longer  than  broad,  rectangular,  with  slightly  convex  sides  and  nearly 
straight  posterior  border.  Mandibles  stout,  with  five  teeth.  Clypeus  with  a  strong 
median  and  two  weaker  lateral  carin®,  indistinctly  concave  at  middle  of  anterior 
border.  Eyes  large  and  moderately  convex,  situated  at  middle  of  sides  of  head.  An- 
tennffi  slender,  scapes  not  attaining  occipital  borders;  first  funicular  joint  as  long  as 
the  two  succeeding  joints  together;  club  slender;  terminal  joint  as  long  as  the  two 
preceding  joints  together.  Thorax  stout,  without  sutures.  Pronotum  rounded  at 
sides,  little  broader  than  mesonotum.  Epinotal  spines  moderately  thick,  a  little 
shorter  than  the  peduncle  of  petiole,  curved  downward,  somewhat  angularly  at 
middle.  Petiole  long  and  slender,  its  peduncle  nearly  three  times  as  long  as  the  node, 
with  a  short,  stout  tooth  an tero vent  rally,  node  in  profile  twice  as  high  as  long,  with 
abrupt  anterior  and  posterior  surfaces,  narrowly  rounded  above;  from  above  twice 
as  broad  as  long,  roimded  in  front  and  behind  and  narrowed  at  sides.  Postpetiole  a 
little  broader  than  petiole,  broader  than  long,  with  rounded  sides.  Femora  slightly 
swollen,  tibise  not  enlarged.    Sting  long  and  iwwerful. 
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Moderately  shining.  Mandibles  coarsely  striate  and  punctate.  Head  >^ith  fine, 
interrupted  and  separated  carinulsD,  parallel  on  front  and  vertex  and  curved  on 
cheeks,  and  also  irregularly  punctate.  Striation  on  thorax  and  epinotiun  delicate  and 
sparse,  with  rather  abundant  though  scattered  punctures.  Meso-  and  metapleurse 
densely,  but  shallowly  punctate.  Petiole  and  post  petiole  very  finely  punctate. 
Graster  with  sparse,  minute  punctures.  liegs  and  antennte  less  shining  than  the  rest 
and  densely  and  shallowly  punctate. 

Hairs  on  head  and  body  erect,  stiff,  obtuse,  and  sparse;  those  on  antenns  and 
legs  fine,  silky  and  recumbent. 

Color  black;  tarsi  brownish  yellow. 

Female. — Length  4-4.25  nmi. 

Epinotal  spines  shorter  and  stouter  than  in  the  worker,  though  longer  than  their 
distance  apart  at  base.  Petiolar  node  somewhat  shorter  and  broader  above  when 
seen  from  the  side.    Mesonotum  very  densely  and  finely  striate  longitudinally. 

Color  black,  with  the  outer  border  of  tibia)  and  the  tarsi  brownish  yellow. 

Wings  slightly  infuscated.    Veins  and  stigma  brownish. 

Guatemala: — Guatemala  City;  Antigua,  December  1911;  (W.  M. 
Wheeler). 

I  have  before  me  two  females  and  a  small  series  of  workers  from  two 
colonies,  one  of  them  taken  in  a  fence-post,  the  other  in  a  hollow  twig. 

The  amount  of  brown  coloration  on  the  outer  edge  of  the  tibiae 
varies.  In  the  Antigua  specimens  it  is  stronger  than  in  the  others  and 
very  pronounced  in  the  females. 

Near  salvini  Forel  and  its  variety  obsairior  Forel  from  Panama, 
but  diflfering  markedly  in  sculpture,  the  Panama  forms  having  the 
thorax  rugose  and  subopaque.  The  antennal  scapes  in  flavitarsus  do 
not  extend  to  the  occipital  corners  and  in  the  related  species  they  reach 
or  extend  beyond  them. 

MacromiBcha  (CroBsomynnex)  yersicolor  Rogei* 
Roger,  1863,  Berliner  ent.  Zeitschr.,  VII,  p.  187,  8 . 

Worker. — Length  5-5%  mm. 

Slender.  Thorax  and  first  petiolar  segment  light  red,  second  joint,  head  and 
abdomen  black,  the  latter  also  with  blue  lustre.  Legs  and  antennae  dark  reddish 
brown;  mandibles  and  anterior  margin  of  head  more  indistinctly  so.  White,  stiff, 
erect  hairs  distributed  over  the  body  and  appendages. 

Head  elongate  oval,  moderately  narrowed  posteriorly.  Antenna*  very  slender, 
long,  their  scapes  longer  than  the  head,  the  two  last  funicular  joints  long  and  cyHndri- 
cal,  but  still  somewhat  shorter  than  the  remaining  joints  together.  Frontal  area 
triangular,  acuminate  posteriorly,  the  head  resembling  that  of  Aphfenogaster  testaceo- 
pUosa.  Mandiblas  longitudinally  rugose.  Head  not  shining,  very  densely  tubercu- 
lately  or  ^'thimble-like"  punctate  on  the  sides  in  front  of  eyes  longitudinally  rugose. 

Thorax  somewhat  arcuate  at  sides.  Pronotum  very  little  enlarged  at  middle,  rest 
of  thorax  subequal  in  width.  Epinotum  behind  obliquely  truncate,  unarmed.  Thorax 
almost  without  lastre,   "thimble-like,"  densely  punctate  and  longitudinally  with 
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separated  flattened  rugae.  Petiole  red,  somewhat  blackish  above,  finely  ''thimble- 
like" punctate,  long  cyhndrical  and  arcuate,  the  node  small,  the  angular  enlargement 
in  middle  of  pedicel,  when  viewed  from  above  is  barely  indicated;  apparently  without 
ventral  tooth.  Postpetiole  bell-ehaped,  shining.  Abdomen  smooth  and  shining. 
Legs  slender,  shining,  the  femora  very  thin  basally,  then  awl-shaped  and  thickened, 
but  not  as  strongly  as  in  purpu>  ata^  tibiae  not  thickened.     [Translation.] 

A  single  worker  from  Cuba;     (Roger). 

Gundlach's  locality  is  "Isle  of  Pines,"  in  the  farallones  near  Nueva 
Gerona. 

Macromischa  (CroBgomyrxnex)  iris  Roger 
Ro(iER,  1863,  Berliner  ent.  Zeitschr.,  VII,  p.  188,  5 . 

Worker. — Length  5.5  mm. 

Head  green,  with  violet  and  blue  reflections,  not  shining;  thorax  purple-violet 
with  strong  aeneus  reflection.  Petiole  yellowish  brown,  lobes  and  gaster  as  well  as 
femora  dark  metallic  green  or  brown,  very  shining,  tibiae,  tarsi,  and  antennal  funiculus 
lighter  brown.    Everywhere  with  erect,  whitish  pubescence. 

Head  rather  broadly  oval,  densely  "thimble-like "  punctate.  Cl3rpeus  transverse 
or  arcuate  in  front,  longitudinally  rugose  posteriorly;  mandibles  rugose  longitudinally. 
Frontal  area  triangular,  shining.  Antennal  fossa;  small.  Antennal  scapes  slender. 
Club  three-jointed. 

Pronotum  very  feebly  arcuately  widened  at  sides.  Meso-epinotum  somewhat 
compressed  laterally,  above  feebly  "roof-shaped.''  (Seen  from  above  the  thorax 
appears  subequal  in  width  throughout.)  Epinotum  posteriorly  arcuately  rounded, 
scarcely  truncated,  unarmed.  The  whole  thorax  is  irregularly  rugose  above  and 
longitudinally  and  very  coarsely  rugose  at  sides. 

Petiole  in  front  cylindrical,  long,  in  the  middle  (when  viewed  from  above),  very 
feebly  angular,  posteriorly  s\vollen  into  a  moderately  strong  node;  the  ventral 
tooth  appears  to  be  absent.  Postpetiole  bell-shaped,  both  nodes  smooth  and  shining. 
Abdomen  smooth  and  shining.  Femora  strongly  incrassat^  at  middle;  tibiae  not 
incrassate.     [Translation.] 

One  worker  from  Cuba;     (Roger). 

This  species  was  taken  on  the  eliflfs  at  the  entrance  to  the  Yumuri 
Valley  at  Matanzas.    I  searched  unsuccessfully  for  it  in  the  same  locality. 

Macromiflcha  (CroBgomynnez)  wheeleri,  new  species 

Worker. — Length  3.75-4  mm.    (Fig.  6). 

Head  longer  than  broad,  sides  little  convex,  occipital  corners  very  broadly 
rounded,  border  slightly  convex.  Mandibles  with  five  rather  stout  teeth.  Clypeus 
rounded;  anterior  border  broadly  and  shallowly  concave.  Frontal  carinae  short,  only 
moderately  divergent  behind.  Eyes  situated  at  middle  of  sides  of  head.  Antennae 
slender,  their  scapes  surpassing  the  occipital  comers;  first  funicular  joint  a  little  longer 
than  the  two  succeeding  joints  together,  the  joints  gradually  increasing  in  size  to  the 
slender  club;  first  two  joints  of  club  subequal  in  length,  terminal  joint  a  httle  shorter 
than  the  two  preceding  joints  together.  Thorax  two  and  a  half  times  as  long  as 
broad.    Prothorax  as  broad  a.**  long,  with  rounded  sides  and  humeri.    Base  of  epinotum 
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longer  than  the  declivity,  from  which  it  is  separated  by  an  obtuse  angle;  sides  sub- 
gibbous,  but  without  spines;  declivous  surface  flat.  Peduncle  of  petiole  somewhat 
curved,  bluntly  toothed  beneath  in  front,  about  as  long  as  the  node,  which  in  profile 
is  longer  than  high  and  very  broadly  rounded  above  and,  from  above,  twice  as  long  as 
broad,  with  slightly  convex  sides.  Postpetiole  as  long  as  the  petiolar  node;  from 
above,  three  times  as  broad  behind  as  in  front  and  about  as  long  as  broad.  Femora 
incrassated,  tibi»  very  slightly  so. 

Body  and  appendages  shining,  postpetiole  and  gaster  with  sparse  punctures; 
mandibles,  clypeus,  cheeks  and  scapes  striate.  Thorax  and  epinotum  coarsely  rugose, 
the  rugse  tortuous  on  pronotum  and  transverse  on  meso-  and  epinotum.  Petiole 
ruguloee  at  sides. 

Body  and  appendages  with  sparse  stiff  hairs. 

Color  brilliant  metaUic  green;  thorax  and  epinotum  darker  than  the  rest. 

Female  (de&lated). — Length  5  mm. 

Epinotum  armed  with  a  pair  of  blunt  spines,  the  rest  similar  to  the  worker,  with 
the  usual  sexual  modifications  and  the  following  differences  in  sculpture.  Pronotum 
transversely  rugose.  Mesonotum  in  front  rugulose,  but  with  a  nearly  smooth  surface 
at  middle;  posterior  third  more  coarsely  rugose.  Scutellum  rugose  at  sides,  more 
finely  above  and  with  a  smooth  disc  at  middle.    Epinotum  transversely  rugose. 


\ 


Fiis.  6.     MacromUrha  (Crtr/tomyrmex)  trheeleri  Mann,  tt  .     Thorax  and  petiole  from  side. 

Cuba: — Mina  Carlota  (Trinidad  Mts.\ 

This  beautiful  species  is  related  to  porphyitiw  and  trisj  but  is  much 
smaller  than  either  of  these,  differently  colored,  and  has  the  head  smooth 
and  very  shining. 

Described  from  a  series  of  workers  and  females  taken  from  several 
colonies.  One  colony  was  nesting  in  a  block  of  Umest one.  1  attempted  to 
turn  the  stone  over  to  search  beneath  it,  when  it  spUt  in  two,  disclosing 
the  whole  colony  of  about  thirty  workers  and  one  dealated  female  with 
many  larvae  and  pupse  gathered  in  a  little  pocket.  The  other  colonies 
were  found  in  hollow  twigs  lying  on  the  ground. 

Macromischa  ( AntUlsomynnez^  terricola,  new  species 

Worker.— Length  1.50-1.75  mm.    (Fig.  7). 

Head  rectangular,  longer  than  broad,  as  broad  in  front  as  behind,  with  feebly 
convex  sides  and  nearly  straight  occipital  border.  Mandibles  with  five  small  teeth . 
Clypeus  convex,  rounded  at  anterior  border.  Eyes  at  sides  of  head  in  front  of  middle. 
Antennae  short,  not  quite  attaining  occipital  comers;  first  funicular  joint  stout,  a.** 
long  as  the  two  succeeding  joints  together;   remaining  joints,  except  those  of  the 
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club,  transverse;  terminal  joint  of  club  distinctly  longer  than  the  two  preceding  joints 
together.  Thorax  robust,  without  sutures;  sides  of  pronotum  rounded;  of  meso- 
and  epinotum  subparallel.  Epinotal  spines  a  little  longer  than  their  distance  apart 
at  base,  rather  stout,  divergent  and  curving  sUghtly  downward.  Petiole  a  little  more 
than  twice  as  long  as  broad,  peduncle  stout,  about  as  long  as  node,  toothed  antero- 
ventrally;  node  higher  than  long,  broadly  rounded  above  with  decUvous  anterior  and 
roimded  posterior  surfaces.  Postpetiole  more  than  three  times  broader  than  petiole 
and  twice  as  broad  as  long,  with  rounded  sides  and  straight  anterior  border.  Gaster 
thick.    Femora  and  tibiae  moderately  incrassate. 

Body  and  appendages  shining;  thorax,  epinotum,  and  petiole  densely^  rather 
coarsely  but  shallowly  punctate  and  less  shining  than  the  rest.  Mandibles  subtilly 
striate.    Head  and  gaster  sparsely  and  finely  pimctate. 

Head,  thorax,  and  gaster  with  sparse,  erect,  blunt  hairs;  antennae  and  legs  with 
fine  pilosity,  but  no  erect  hairs. 

Head,  except  anterior  margin,  and  gaster  dark  brown  to  black;  thorax,  epinotum, 
petiole  and  postpetiole  dark  ferruginous;  anterior  margin  of  head,  mandibles,  an- 
tennae, and  legs  brownish  yellow. 


;  Fig.  7.     MackromUcha  iAntiUcemyrmfx)  terrieola  Mano,  y  .     Thorax  and  petiole  from  side. 

Female  (dealated). — Length  2.25  mm. 

Epinotal  spines  very  broad  basally,  curving  downward  at  tips.  Petiole  shorter 
than  in  worker,  with  the  node  from  above  broader  than  long  and  truncate  in  front. 

Shining.  Mesonotum  with  dense  longitudinal  striolae  at  middle;  smooth  at 
sides.  Sides  of  scutellum  and  the  epinotum  densely  punctate  and  less  shining  than 
the  rest.    Head,  petiole,  postpetiole  and  gaster  as  in  worker. 

Color  black,  thorax,  epinotum,  petiole  and  postpetiole  slightly  brownish;  an- 
terior border  of  head,  the  mandibles,  antennae  and  legs  brownish  yellow, 

Cuba : — Baracoa. 

Described  from  individuals  taken  in  a  small  colony  beneath  a 
stone  in  a  pine  forest  near  the  village. 

This  species  belongs  in  a  group  of  small,  ground-inhabiting  forms, 
characterized  by  the  more  or  less  rectangular  form  of  the  head,  the 
stoutly  pedunculate  petiole,  and  small  size.  M.  flavidula  from  Hayti 
is  a  member  of  the  group  but  distinct  from  the  others,  albispina  and  its 
variety  pallipes  from  Porto  Rico,  pulchella  from  St.  Thomas  and  tern- 
cola.  These  latter  three  are  closely  related  and  may  be  specifically 
identical.  M.  albispina  is  larger  and  very  densely  punctate  and  opaque; 
pulchella  has  the  body  shining  but  lacks  the  punctation  on  the  thoracic 
dorsum.    M,  terrieola  appears  to  be  intermediate  between  these  two.1 


Digitized  by 


Google 


1920]  Mann,  Ant  Fauna  of  the  West  Indies  and  Central  America  425 

Crematogatter  sangulnea  Roger 
Roger,  1863,  Berliner  ent.  Zeitschr.,  VII,  p.  208,  8. 

Cuba : — Herradura. 

Several  small  workers  taken  on  a  fence-post  have  the  basal  portion 
of  the  first  gastric  segment  red  in  color  and  are,  for  that  reason,  referred 
to  the  typical  form  of  sanguinea, 

Crematogaster  sanguinea  Roger  variety  torrei  Wheeler 
Wheeler,  1913,  Bull.  Mus.  Comp.  Zool.  Camb.,  LIV,  p.  490,  8,9. 

Cuba: — Felton;  Limones. 

This  variety  differs  from  the  preceding  only  in  having  the  gaster 
entirely  black. 

Crematogaster  sanguinflta  Roger  atavista,  new  variety 

Several  workers  from  a  colony  found  nesting  in  rotten  wood  are  distinct  in  having 
the  head,  thorax,  and  abdomen  entirely  black.  The  legs  and  antenn®  are  very  dark, 
except  the  tarsi  and  fimicular  club  which  are  fuscous. 

Cuba: — Yateras  District. 

Crematogaster  sanguinea  Roger  sotolongoi,  new  subspecies 

The  thorax,  instead  of  being  rather  strongly  rugose,  as  in  the  typical  form  and  its 
varieties,  is  smooth  and  very  shining.  The  head  and  gaster  are  black;  the  thorax^ 
petiole,  postpetiole,  and  the  appendages  obscurely  rufous. 

Cuba: — Pinares.  A  small  series  of  workers  found  beneath  the  bark 
of  pine  trees  near  the  Woodfred  Inn. 

Crematogaster  victima  F.  Smith  cubaensis,  new  subspecies 

WoKKER. — Length  1.50-1.75  mm. 

Head  a  little  broader  than  long,  as  broad  in  front  as  behind,  with  convex  sides 
and  rounded  occipital  comers;  border  narrowly  concave  at  middle,  frontal  area 
indistinct.  Mandibles  five-dentate.  Antennae  stout,  their  scapes  slightly  surpassing 
occipital  comers;  first  fimicular  joint  as  long  as  the  two  succeeding  joints  together; 
remaining  joints,  except  those  of  club,  broader  than  long;  club  slender,  three-jointed; 
terminal  joint  three  and  a  half  times  as  long  as  broad  and  as  long  as  the  two  preceding 
joints  together.  Eyes  large  and  convex,  situated  at  sides  of  head  posterior  to  middle. 
Thorax  strongly  impressed  at  meso-epinotal  suture.  Epinotal  spines  straight,  tri- 
angular and  about  half  as  long  as  their  distance  apart  at  base.  Petiole  longer  than 
broad,  a  little  broader  behind  than  in  front,  with  straight  sides  and  flattened  surfaces; 
in  profile  thick  behind  and  gradually  tapering  anteriorly,  less  than  twice  as  long  as 
high.  Postpetiole  a  little  broader  than  the  petiole;  subglobose.  Gaster  broad,  tri- 
angular and  flattened  above.   Legs  rather  stout. 

Shining.   Epinotum,  petiole  and  postpetiole  microscopically  punctate. 

Head,  body  and  appendages  with  sparse,  coarse  hairs,  rather  sparsely  distributed . 

Color  yellow. 

Female. — Length  3  mm. 
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Similar  to  worker,  with  the  usual  sexual  diflferences. 

Cuba : — Guantanamo. 

Described  from  one  female  and  a  small  series  of  workers  taken  from 
beneath  a  stone  in  the  woods. 

This  subspecies  is  distinct  from  'idima  var.  sleinheili  Forel  in  its 
more  robust  structure,  its  more  globose  pronotum,  in  sculpture,  and  in 
color.  The  punctation  on  the  epinotum,  petiole  and  post  petiole  of 
siemheili  is  distinct,  in  cuhaensis  it  is  barely  discernible. 

Pheidole  cubaexuns  Mayr  grayi,  new  variety 
Several  soldiers  and  workers  from  a  colony  found  beneath  a  stone  agree  with 
Mary's  description  except  in  colors.    In  the  soldiers  the  head  and  body  are  black,  only 
the  clypeus  being  reddish  brown.    The  mandibles  and  legs  are  brown.    The  workers 
are  black,  except  the  mandibles,  antennsB,  tibi«e,  and  tarsi  which  are  brown. 

Cuba : — Limones. 

The  head  of  the  typical  form  is  described  as  red  and,  according  to 
Wheeler,  the  single  soldier  in  Gundlach's  collection  has  the  head  red,  so 
i  am  considering  the  series  before  me  as  distinct.  A  soldier  in  Wheeler's 
collection  from  Cayamas  (Collector  Schwarr)  and  noted  by  Wheeler 
(1913,  Bull.  Mus.  Comp  Zool.  Camb.  LIV,  No.  17,  p.  490),  evidently 
belongs  to  this  variety. 

Pheidole  f allax  Mayr 
Mayr,  1870,  Verh.  zool.-bot.  Ges.  Wien,  XX,  pp.  980,  984,  S . 

Cuba : — Cienf  uegos. 

Cuba  is  the  type  locaUty  for  this  species,  but  it  has  apparently  not 
been  previously  taken  on  the  island  since  Gundlach  s  time.  My  speci- 
mens were  found  on  the  railroad  tra  k  near  the  station.  They  were 
nesting  beneath  the  ties. 

Pheidole  androsana  Wheeler 
Wheeler,  1905,  Bull.  Amer.  Mus.  Nat.  Hiat.,  XXI,  p.  90,  91,  9 . 
Bahama -i  — Eleui  hera. 
A  single  colony  from  beneath  a  stone. 

Pheidole  androsana  Wheeler  subspecies  bakeri  Forel 
Forel,  1912,  Ent.  mitt.,  I,  p.  82,  9 ,  '4 . 

Cuba: — Cardenas;  San  Bias. 

One  large  colony  was  found  in  each  locahty.  The  type  locality  is 
Havana,  so  the  species  occurs  throughout  at  least  the  eastern  part  of  the 
island,  though  it  is  rare  locally. 
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Phaidole  fla^ens  Roger 
Roger,  1863,  Berliner,  ent.  Zeitschr.,  VII,  p.  198,  01,  5 . 
Bahamas:  — New  Providence;  Eleuthera. 
Cuba: — Herradura;  Limones. 

Phaidole  flavons  Roger  subspecies  asperithorax  Emery  variety  semipolita 

Emery 
Emery,  1896,  Bull.  Soc.  ent.  Ital.,  XXVIII,  p.  78,  01,  U . 

Cuba : — Baracoa. 

Several  soldiers  from  a  single  colony  agree  perfectly  with  Emmery's 
description  of  this  variety  from  Para,  Brazil. 

Phaidole  flavenB  Roger  asperithorax  Emery,  variety  ? 
Bahamas : — Andros. 

A  single  colony  of  a  variety  close  to,  if  not  identical  with,  this  sub- 
species. 

Pheidole  punctatistima  Mayr  subspecies  aanectens  Wheeler 
Wheeler,  1905,  Bull.  Amer.  Mus.  Nat.  Hist.,  XXI,  p.  93,  01,  S ,  9 . 
Bahamas: — New  Providence  (Nassau). 

Pheidole  punctatisfima  Mayr  variety 
Cuba: — Mina  Carlota;   Pinares. 

SoIenopsiB  geminata  Fabricius 
AUa  geminata  Fabricius,  1804,  Syst.,  Piez.,  p.  423,  No.  6,  5 . 

Distributed  everjnvhere  throughout  Cuba  and  the  Bahamas,  where  it 
is  a  decided  pest,  both  on  account  of  its  sting  and  because  it  attacks  the 
tender  buds  of  plants,  especially  of  citrus  fruits,  to  which  it  does  much 
harm.  It  is  one  of  the  species  that  are  very  fond  of  attending  scale  in- 
sects and,  by  protecting  these,  must  cause,  indirectly,  considerable  dam- 
age. Sometimes  it  Uves  in  houses.  At  Guantanamo  I  got  rid  of  a  horde 
that  was  in  my  room  at  the  hotel  by  leaving  about  honey  mixed  with  a 
little  Fowler's  solution.  The  workers  and  soldiers  ate  it  greedily  as  soon 
as  they  found  it  and  during  the  week  following  no  more  were  seen  in  the 
room. 

Solenopsifl  leviceps  Mayr 
Mayr,  1870,  Sitz.  Akad.  WLss.  Wien,  LXI,  p.  406,  S . 

Bahamas: — New  Providence  (Nassau). 

Several  workers  from  a  small  colony  that  was  nesting  with  Wastnan- 
nia  auropunciata  agree  closely  with  Mayr's  description  of  workei*s  from 
Columbia. 
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SdenopsiB  corticalis  Forel  binotata,  new  variety 

DUfering  from  the  typical  form  in  color  and  in  its  very  sparse  pilosity.  The  color 
is  clear  yellow,  with  distinct  fuscous  spots  at  the  sides  of  the  first  gastric  segment 
apically. 

Cuba: — San  Antonio  de  Sul. 

The  variety  virgula  Forel,  also  from  Cuba,  has  the  head  shorter  than 
in  the  typical  St.  Thomas  form  and  in  binotalm,  but  in  the  description  no 
mention  is  made  of  the  color. 

SdlenopsiB  fl^obularia  F.  Smith  desecheoensis,  new  variety 
Two  workers,  collected  by  Frank  E.  Lutz,  given  to  me  by  Prof.  Wheeler  belong 
to  an  undescribed  variety  of  globulariaj  differing  from  the  typical  form  and  the 
variety  borinquenensis  Wheeler  in  color.    The  head  and  body  arc  jet  black,  with  the 
antennae  and  legs  yellowish  hrown. 

Desecheo  Island,  Porto  Rico. 

Wasmannia  auropunctata  Roger 
Roger,  1863,  Berliner  ent.  Zeitschr.,  VII,  p.  182,  B ,  9 ,  d' . 
Cuba: — Viguitas  (Oriente);  Mina  Carlota. 

Atta  iniularis  Gu^rin 
Gu^RiN,  1845,  Iconogr.  Regn.  Anim.,  VII,  Insect.,  p.  422,  S . 

Cuba: — Throughout  the  island. 

With  the  possible  exception  of  the  black  fly  {Aleurocanlhus  woglumi 
Ashby),  Atta  insiUaris  (known  to  the  Cubans  as  "Bibijagua* ')  is  the  most 
serious  insect  pest  of  the  island.  It  gathers  leaves  from  several  species  of 
plants,  but  chiefly  from  the  tapioca  C' Yuca")  and  citrus  trees,  especially 
the  orange. 

Solitary  trees  are  sometimes  protected  by  a  double  circle  of  tin  at 
the  base  containing  water  (Fig.  8),  a  good  protection  where  there  are 
few  trees.  Small  colonies  may  be  exterminated  by  pouring  carbon  bisul- 
phide in  the  burrows.  Larger  colonies  are  best  destroyed  by  fumigation 
with  sulphur  fumes,  forced  into  the  nest  entrance  by  a  bellows.  When  this 
is  thoroughly  done  it  is  an  entirely  satisfactory  means  of  controlling  the  ant. 

Acromyremx  (Trachymyrmex)  jamaicensis  Em.  Andr6  variety 
maritima  Wheeler 

Atta  (Trachymyrmex)  maritima   Wheeler,  1905,  Bull.  Amer.   Mus.  Nat.  Hist., 
XXI,  p.  107,  S. 

Bahamas: — Andros  (Mangrove  Cay);  Eleuthera  (Bluflf). 
Large  series  from  the  two  localities  differ  from  typical  jamaicensis 
in  the  uniformly  darker  color. 
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Fig.  8.     Double  pan,  filled  with  water,  at  base  of  orange  tree  to  protect  it  from 
the  "bibijagua"  (Atta  insidaris  Gu^rin). 
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BSycocepunu  smithi  Forel  variety  borinquenensis  Wheeler 
Whleler,  1907,  Bull.  Amer.  Mus.  Nat.  Hist.,  XXIII,  p.  718,  9. 
Oiba : — Limones. 

Cryptocenrs  (Hypocryptocenu)  hmnorrhoidalifl  Latreille 
Latreille,  1802,  Hist.  nat.  fourmis,  p.  276,  8 . 

San  Domingo: — Blanton  Mine,  north  of  San  Cristobal;  (Morrison) 

Crsrptocenu  (Cryptocenu)  yariam  F.  Smith 
Smith,  1876,  Trans.  Ent.  Soc.  London,  p.  606,  8 . 

Bahamas: — New  Providence  (Nassau);  Andixjs  (Mangrove  Cay). 

Cuba: — San  Antonio  de  los  Bafios;   Cienfuegos  (Quinta  Cabada); 
Castillo;  Yateras;  Cardenas. 

Struxnigenjni  eggersi  Emery  cubaensis,  new  variety 

A  small  series  of  workers  differ  from  typical  eggersi  in  not  having  the  inner  bor- 
ders of  the  mandibles  denticulate,  in  this  respect  resembling  var.  vicentensis  Ford 
from  St.  Vincent,  but  the  latteu  variety  has  the  gaster  smooth  and  shining,  while  in 
cubaensis  it  is  opaque. 

(^uba :— Cienfuega«. 

Strumigenjrs  rogeri  Emeiy 
Pyramica  gundlarhi  Roger,  1862,  Berliner  ent.   Zeitschr.,  VII,   pp.  253,  254,  6g. 

18a,  5. 
Emery,  1890,  Bull.  Soe.  ent.  Ital.,  XXII,  p.  31,  PI.  vii,  fig.  6,  S . 

Cuba: — Santiago  de  C'uba;   Mina  Carlota. 

Several  workers  agree  closely  with  Emery's  description  and  figure  of 
the  worker  of  this  species  and  with  workers  from  Hayti.  The  single  fe- 
male before  me  undoubtedly  is  the  same  form  that  Roger  described  and 
figured  as  that  of  Pyramica  gundlacht. 

Strumigenjni  alberti  Forel 
Forel,  1873,  Tran.s.  Ent.  Soe.  London^  p.  380,  5,9. 

Cuba: — Santiago  de  Cuba;  Baracoa;  Mina  Carlota;  Yateras 
District;  (Cienfuegos;  Limones. 

This  is  the  commonest  species  of  Struniigenys  on  the  island.  It 
nests  beneath  stones,  bark,  and  among  rotting  leaves. 

Strumigenys  margaritn  Forel 

Forel,  1893,  Trans.  Ent.  Soe.  London,  pp.  378-380,  5,  9  ,  d". 
Bahamas: — New  Providence  (Nassau). 
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Bpitritus  emma  Emery 
Emery,  1890,  BuU.  Soc.  ent.  Ital.,  XXU,  p.  70,  PI.  viii,  fig.  6,  9 . 
Bahamas: — Andros  (Fresh  Creek). 
A  single  worker  was  found  beneath  a  stone. 

Dolichoderins 
Tapinoma  litorale  Wheeler 
Wheeler,  1905,  Bull.  Ainer.  Mus.  Nat.  Hist.,  XXI,  p.  109,  5,  9 ,  cf . 
Bahamas: — Andros  (Fresh  Creek;  Mangrove  Cay). 

Tapinoma  litorale  Wheeler  variety  cubaensU  Wheeler 
Wheeler,  1913,  Bull.  Mus.  Comp.  Zool.  Camb.,  LIV,  p.  498,  5?,  9 . 
Cuba: — Mina  Carlota;  Guantanamo. 

Dorymyrmex  pyramicus  Roger 
Prenokpis  pyramica  Ro<iER,  1863,  Berliner  ent.  Zeitschr.,  VII,  p.  160,  9. 
Cuba: — Limones. 
Much  less  conamon  than  the  following  variety. 

Dorymyrmex  pyramicus  Roger  variety  niger  Pergande 
Pbrg.\nde,  1895,  Proc.  Cal.  Acad.  Sci.,  (2)  V,  p.  871,  S . 
Cuba: — Abundant  throughout  the  island. 
San  Domingo: — Blanton  Mine;  Duarte;  San  Pedro  de  Macoris. 

Camponotin» 
Brachymyrmes  heeri  Forel  variety  obscurior  Forel 
FoRBL,  1893,  Trans.  Ent.  Soc.  Lond.,  p.  345,  ^ .  ^ 

Cuba: — Cienfuegos;  San  Bias. 
San  Domingo: — San  Domingo  City;  (Morrison). 

Prenolepis   (Nylanderia)  vividula  Nylander  variety  antiUana  Foi-el 
Prenolepis  ffucUemalensis  subsp.   antillana  Forel,  1893,   Trans.   Ent.   Soc.   London, 
p.  340,  5,  9,  d^. 

Cuba: — Guantanamo;  Mina  Carlota;  Baracoa. 

Prenolepis  (Nylanderia)  steinheili  Forel 
FoRE^  1893,  Trans.  Ent.  Soc.  London,  p.  324,  5? . 
Cuba: — San  Antonio  de  los  Bafios. 

Prenolepis  (Nylanderia)  anthracina  Roger 
Roger,  1863,  Berliner  ent.  Zeitschr.,  VII.  p.  161,  9. 

Cuba: — Baracoa;   Mina  Carlota;  Yateras  District. 
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Several  small  colonies  were  found  beneath  stones,  but  no  males  were 
seen.  The  workers  resemble  those  of  steinheiliy  but  have  the  head  propor- 
tionately broader  and  more  convex  at  sides  and  the  color  is  much  darker. 

Prenolepis  (Nylanderia)  xnyops,  new  species 

WoKKER. — Length  1.75  mm. 

Head  longer  than  broad,  slightly  narrowed  in  front,  with  nearly  straight  sides, 
broadly  rounded  comers  and  straight  occipital  border.  Mandibles  with  four  slender 
teeth.  Clypeus  twice  as  broad  as  long,  strongly  convex,  narrowly  concave  at  middle 
of  anterior  border.  Antennal  scapes  surpassing  the  occipital  comers  by  three-eighths 
of  their  length;  first  funicular  joint  a  little  shorter  than  the  second  and  third  together; 
terminal  joint  strongly  compressed,  about  as  long  as  the  two  preceding  joints  together. 
Eyes  very  small,  composed  of  eight  ommatidia,  situated  in  front  of  sides  and  well 
anterior  to  middle.  Pronotum  longer  than  broad,  flattened  above.  Mesonotum  as 
broad  as  long,  flattened.  Epinotum  rounded  basally,  the  declivous  portion  flattened 
at  middle  obtusely  margined  and  bituberculate  at  sides.  Petiolar  scale  cuneiform, 
with  the  anterior  surface  flat  and  the  posterior  rounded;  seen  from  behind,  more  than 
twice  as  high  as  broad,  with  nearly  straight  sides  and  rounded  upper  margin.  Gaster 
stout,  legs  long  and  slender. 

Smooth  and  shining,  with  erect  hairs  very  coarse  and  moderately  abundant  on 
head  and  body  and  finer  on  appendages. 

Color  brownish  yellow  to  lemon-yellow. 

Female  (dealated). — Length  3.20  mm. 

Differing  from  the  worker  in  having  the  head  as  broad  as  long  and  with  more  con- 
vex sides.  Mesonotum  with  strong  lateral  furrows.  Scutellum  much  broader  than 
long  and  flattened. 

Front,  vertex  and  occiput  shallowly  but  densely  punctate.  Gastric  segments 
densely  striolate. 

Hairs  on  head  fine,  silky  and  rather  dense;  elsewhere  similar  to  those  of  worker. 

Color  brown;  ant^nifb  and  legs  yellowish  brown. 

Male. — Length  1.50  mm. 

Head,  excluding  eyes,  a  little  longer  than  broad,  convex  at  sides  and  straight 
behind.  Vertex  depressed  between  the  ocelli;  front  with  a  strong  impression  beneath 
the  median  ocellus  and  another  between  the  frontal  carina).  Mandibles  well  devel- 
oped, edentate.  Clypeus  with  straight  anterior  border.  Eyes  convex,  about  three 
times  as  long  as  their  distance  from  anterior  border  of  head.  Antennal  scapes  attain- 
ing occipital  comers;  funicular  joints  one  to  five  cylindrical,  longer  than  broad;  re- 
maining joints  compressed;  terminal  joint  asymmetrically  lanceolate,  as  long  as 
the  two  preceding  joints  together.  Thorax  robust.  Mesothorax  flat  in  front,  trans- 
versely impressed  at  apical  third,  without  Mayrian  furrows;  parapsidal  furrows  nar- 
row. Scutellum  transverse,  rounded.  Base  and  declivity  of  epinotum  roimding  into 
each  other.  Petiolar  scale  small,  thin  and  directed  forward.  Gaster  large  and  stout; 
genitalia  prominent;  stipites  large  and  spatulate  apically,  squamulas  convex  and 
rounded  apically. 

Shining.  Head  and  thorax  densely,  shallowly  punctate.  Without  erect  hairs. 
Legs,  antennae,  and  gaster  with  pollinase  pubescence. 

Black,  appendages  brown.    Wings  hyaline  with  veins  and  stigma  brown. 
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Cuba: — Mina  Carlota  (Trinidad  Mts.). 

Described  from  a  series  taken  beneath  a  stone.  Distinct  from  related 
species  in  the  very  small  size  of  the  eyes  as  well  as  in  color. 

Prenolepis  (Prenolepis)  gibberosa  Roger 
Roger,  1863,  Berliner  ent.  Zeitschr.,  VII,  p.  161,  5. 

Worker.— Length  3-3.5  mm.    (Fig.  9) . 

Head  a  little  longer  than  broad,  as  broad  in  front  as  behind,  with  slightly  convex 
sides,  roimded  comers  and  nearly  straight  occipital  border.  Mandibles  slender,  with 
five  triangular  teeth.  Clypeus  strongly  convex,  anterior  border  straight.  Frontal 
carime  short,  feeble,  and  parallel.  Frontal  area  distinct,  a  little  broader  than  long. 
Antenns  long  and  slender,  their  scapes  surpassing  the  occipital  comers  by  two-thirds 
their  length,  slightly  thickened  at  distal  third;  funicular  joints  one  to  seven  about 


Fix.  9.     Prenolepis  {Prenolepis)  gibberosa  Roger  Q  .  Head,  thorax,  and  petiole  from  side. 

four  times  as  long  as  broad ;  joints  eight  to  ten  proportionately  shorter  than  the  two 
preceding  joints  together,  longitudinally  impressed  at  anterior  two-thirds.  Eyes 
small  and  convex,  situated  in  front  of  sides  of  head,  a  little  behind  the  middle.  Thorax 
slender.  Pronotum  longer  than  broad,  narrowed  anteriorly.  Mesothorax  in  profile 
saddle-shaped;  from  above,  strongly  constricted,  a  third  as  broad  as  the  pronotimi, 
with  a  pair  of  small  tubercles  posteriorly.  Epinotum  at  base  elevated  into  a  roimded 
hump.  Petiolar  scale  in  profile  directed  forward,  with  straight  anterior  and  posterior 
surfaces,  little  narrowed  above  and  rounded.  Gaster  oval.  Legs  very  long  and 
slender. 

Head  and  body  microscopically,  granulosely  opaque.  Gaster  opaque,  finely  and 
densely  punctate  and  with  small  setigerous  tubercles.  Legs  densely  and  shallowly 
pimctate. 

Coarse,  stiflf,  erect  hairs  sparsely  distributed  on  head  and  body,  and  finer  and 
shorter  hairs  on  appendages. 

Color  brown,  gaster  black,  apices  of  femora,  bases  of  tibiae,  tarsi,  and  apical 
half  of  antennal  funiculi  white. 

Cuba: — Baracoa;  Piedra  Gorda;  Pinares. 

This  form  is  apprently  confined  to  the  mountains  of  eastern  Cuba, 
while  the  following  subspecies  occurs  also  in  western  localities. 
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PrenolepiB  (PrenolepiB)  gibberosa  Roger  rogeri^  new  subspecies 

Worker. — Length  4  mm. 

Differing  from  the  preceding  form  in  its  larger  size  more  robust  in  form,  in  having 
the  gaster  shining  instead  of  opaque  and  in  color.  The  brown  of  the  head,  thorax, 
epinotum,  and  petiole  is  more  reddish.  The  appendages  are  uniformly  dark  reddish 
brown,  in  some  individuals  almost  black. 

Cuba: — Yateras  District;  Guantanarao;  San  Bias  (type  locality). 

Both  gibberosa  and  its  subspecies  rogeri  live  in  deep  woods,  where 
they  form  large  colonies  in  decayed  logs.  The  workers  are  exceedingly 
active  and  in  habitus  and  behavior  remind  one  of  Plagiolepis  longipes 
Jerdon. 

Myrmelachista  rogeri  Ern.  Andr^ 
Andr6,  1887,  Rev.  ent.,  VI,  p.  288,  ^. 

Cuba: — Saetia  (Oriente.) 

Several  workers  found  on  a  tree  trunk  are  referable  to  this  species. 
The  color  is  black  with  the  anterior  margin  of  the  head  and  mandibles 
reddish  and  the  antennse  and  tarsi  brown. 

BAyrmelachista  rogeri  Enr.  Andr6  rubriceps,  new  variety 

Worker. — Length  1.75-2.5  mm. 

Head  a  little  longer  than  broad,  as  broad  in  front  as  behind,  with  slightly  convex 
sides,  broadly  rounded  occipital  comers  and  shallowly  concave  border.  Mandibles 
with  four  unequal  teeth.  Antenme  short,  their  scapes  thickened  at  anterior  half, 
extending  two-thirds  the  distance  to  occipital  comers;  first  funicular  joint  nearly 
as  long  as  the  three  succeeding  joints  together;  joints  two  to  five  very  small,  broader 
than  long;  club  strong,  three-jointed,  the  terminal  joint  longer  than  the  other  two 
together.  Eyes  small  and  flat,  situated  at  middle  of  sides  of  head.  Pronotum  as  long 
as  broad,  rounded  above  and  at  sides.  Promesonotal  impression  distinct,  but  not 
deep.  Mesonotum  convex,  a  little  broader  than  long.  Meso-epinotal  impression 
profound.  Epinotum  from  above,  longer  than  broad,  with  rounded  sides,  in  profile 
rather  flat  with  the  basal  portion  a  little  longer  than  the  declivity.  Petiolar  scale 
twice  as  high  as  thick,  anterior  face  rounded,  posterior  face  flat,  upper  border  strongly 
excised  at  middle.  Gaster  large,  nearly  as  long  as  the  rest  of  body  and  head  together, 
rather  flat.    Legs  robust,  especially  the  anterior  ones,  and  somewhat  compressed. 

Shining  throughout.  Mandibles  finely  striate  and  punctate;  the  head  and  body 
smooth,  except  for  widely  separated  and  minute  punctures  which  are  very  distinct 
and  regular  on  head  and  antennal  scapes  and  more  minute  and  less  discernible  on 
the  rest  of  the  body. 

Pilosity  sparse  and  very  fine;  shorter  and  somewhat  coarser  on  antennse  and  legs. 

Head,  mandibles,  and  antennae  brownish  red;  the  rest,  excepting  tarsi,  black. 
Tarsi  brown. 

Cuba: — Pinares. 

Described  from  nimieroiis  workei^s  taken  from  the  trunks  of  pine 
trees. 
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This  variety  is  distinct  from  the  typical  form  in  color  and  somewhat 
larger  size.  The  cleft  in  the  upper  border  of  the  node  is  deeper  than  in  the 
typical  form,  but  this  character  is  variable  and  I  have  only  a  small 
series  of  the  latter  to  compare. 

BAyrmelachista  ambiffua  Forel  subspecies  ramulorum  Wheeler 
Whbblbr,  1908,  Bull.  Amer.  Mus.  Nat.  Hist.,  XXIV,  p.  166,  8,  9 ,  d'. 
Porto  Rico: — Maricao;  Mayaguez. 
St.  Thomas: — Charlotte  Amalie;  (Morrison). 

Camponotus  (nyrmobrachyB)  planatus  Roger 
Roger,  1863,  Berliner  ent.  Zeitschr.,  VII,  p.  146,  6,  9 ,  d*. 

Cuba: — Occurs  very  abundantly  through  the  island,  where  I  found 
it  in  all  localities  visited,  except  in  the  vicinity  of  Pinares  in  th6  pine 
forest. 

Gamponotus  (BIyrmoturba)  taintoii  Porel 
FoBBL,  1908,  Verb,  lool-bot.  ges.  Wien,  LVIII,  p.  408,  8. 

Cuba:— San  Antonio  de  loe  Banos;  San  Bias;  Baracoa;  Pinares; 
Mina  Carlota;  Limones. 

Camponotut  (BIyrmoturba)  ramulorum  Wheeler 
Whbblbr,  1906,  Bull.  Amer.  Mus.  Nat.  Hist.,  XXI,  p.  114,  8,  9 . 

Cuba: — Qenfuegos;  Simpatia;  Yateras  District;  San  Bias; 
Cardenas;  Victoria  de  las  Tunas;  Mina  Carlota. 

Gamponotus  (MCyrmoturba)  maculatus  (Fabr.)  subspecies  lueayantu 

Wheeler 
Whebler,  1906,  Bull.  Amer.  Mus.  Nat.  Hist.,  XXI,  p.  112, 3  88,   9 . 
Bahamas: — Andros  (Fresh  Creek);  Eleuthera  (BluflP). 

Camponotus  (Myrmeurynota)  gU^ventris  Roger 
Roger,  1863,  Berliner  ent.  Zeitschr.,  VII,  p.  146,  8. 

WoRKBR  MAJOB. — ^Length  7-7.6  mm. 

Head  slightly  longer  than  broad,  a  little  narrowed  in  front,  with  feehly  convex 
sides,  rather  prominent  and  very  narrowly  rounded  occipital  comens  and  nearly 
straight  border.  Mandibles  thick,  with  five  strong,  triangular  teeth.  Clypeus 
broader  than  long,  with  anterior  border  very  shallowly  concave  at  middle;  surface 
convex  at  middle  and  shallowly  depressed  at  sides  anterior  to  middle.  Frontal  carinse 
strong,  extending  half  the  distance  to  occipital  border.  Frontal  area  triangular. 
Cheeks  with  a  strong  pit  touching  marginal  suture  of  clypeus  a  little  in  front  of  middle. 
Eyes  large  and  rather  flat,  situated  in  front  of  sides  of  head  at  posterior  third.  Antenl 
nal  scapes  arcuate,  thickened  distally,  surpassing  occipital  comers  by  a  distance  equa- 
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to  twice  their  thickness  at  apex;  first  funicular  joint  three  times  as  long  as  broad/ 
succeeding  joints  much  longer  than  broad,  becoming  proportionately  shorter  and 
thicker  apically;  penultimate  joint  less  than  twice  as  long  as  broad;  terminal  joint  a 
little  less  than  twice  the  length  of  the  penultimate.  Prothorax  much  broader  than 
long,  strongly  lamellate  at  sides,  with  prominent,  narrowly  rounded  humeri;  surface 
very  slightly  convex.  Mesothorax  transversely  oval;  sides  narrowly  rounded,  surface 
flat.  Basal  portion  of  epinotum  from  above  appearing  as  an  elevated  hump,  some- 
what triangular  in  outline;  in  profile  rounded  above  and  about  a  third  as  long  as  the 
declivity,  from  which  it  is  separated  by  a  rounded  angle.  Node  in  profile  wedge- 
shaped;  sides  very  thin,  apical  border  strongly  and  broadly  excised  at  middle,  with 
the  sides  produced  angulately.   Graster  short,  broad  and  thick. 

Subopaque.  Mandibles  very  coarsely  punctate,  somewhat  shining.  Head, 
pronotum,  mesonotum,  and  base  of  epinotum  evenly  and  very  densely  punctate; 
sides  of  basal  portion  of  epinotum,  the  declivity  and  petiolar  node  regularly  striate. 
Ciaster  opaque,  finely  and  densely  punctate. 

Antennie  with  fine  silky  appressed  hairs  and  a  few  longer  suberect  ones  at  tips  of 
scapes.  Head,  thorax,  epinotum,  node,  and  legs  with  erect,  very  coarse  white  setae, 
which  are  strongest  and  form  a  crest  on  the  margin  of  the  node.  Head,  besides,  with 
fine  and  recumbent  white  hairs.  Gaster  with  moderately  dense  scale4ike,  oppressed 
hairs  and  scattered,  erect  pile,  golden  in  color. 

Color  black,  with  anterior  portion  of  head,  mandibles,  antennae,  and  dorsum  of 
gaster  red,  the  latter,  however,  with  a  black  blotch  at  middle  of  base  of  first  segment 
and  blackish  basal  margins  to  the  other  segments.   Legs  black,  tarsi  brownish. 

Worker  minor. — Length  5.5-6.5  nmi. 

Closely  resembling  the  worker  major,  except  in  the  smaller  size  of  the  head  and 
the  more  elongate  and  slender  anteonal  scapes,  which  surpass  the  occipital  comers  by 
a  distance  equal  to  one-fourth  their  length. 

Cuba: — MinaCarlota;  Pinares. 

Found  in  the  deep  woods  in  the  mountains,  where  workers  are  seen 
foraging  on  leaves  and  tree  trunks.  The  colonies  are  very  large  and  nest 
in  hollow  twigs  or  in  cavities  of  trees.  One  colony  was  found  in  a  fern 
stalk,  the  other  end  of  which  was  occupied  by  a  flourishing  colony  of  C. 
(Colobopsis)  sphcmcus  Roger. 

Camponotus  (ColobopsiB)  sphsdricus  Roger 
Camponotus  sphcericus  Roger,  1863,  Berliner  ent.  Zeitschr.,  VII,  p.  146,  9. 

Worker  major. — Length  7  nun.    (Fig.  10). 

Head  a  little  longer  than  broad,  slightly  narowed  in  front,  sides  nearly  straight, 
occipital  comers  narrowly  rounded,  border  moderately  convex,  anterior  truncated 
portion  twice  as  broad  as  long,  strongly  cannate  at  sides  and  posteriorly  strongly 
depressed;  anterior  third  of  the  sides  less  depressed.  Mandibles  very  stout,  four- 
dentate.  Clypeus  slightly  longer  than  broad,  strongly  narrowed  behind,  convex  at 
middle,  depressed  in  front  laterally,  not  carinate;  anterior  border  moderately  excsed 
at  middle.  Frontal  carinse  strong,  arcuate,  extending  three-fourths  the  distance  to 
posterior  border.  Front,  between  carina,  strongly  impressed,  the  impression 
margined  behind  with  elevated  ridge,  wJiich  becomes  feeble  at  middle  and  divided  by 
a  longitudinal  carina  at  middle.    Eyes  flat,  situated  a  little  posterior  to  the  middle  of 
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the  space  between  posterior  border  of  head  and  the  truncated  portion.  Antennal 
scapes  strongly  curved  and  flattened  basally,  thickened  apically,  surpassing  the  occi- 
pital comers  by  a  distance  equal  to  their  diameter  at  tips;  first  funicular  joint  a  little 
longer  than  the  second;  remaining  joints  gradually  decreasing  in  length;  terminal  joint 
twice  as  long  as  penultimate.  Thorax  robust.  Pronotum  more  than  twice  as  broad  as 
long,  arcuate,  separated  from  pleurae  by  an  indistinct,  rounded  margin.  Mesonotiun  a 
little  broader  than  long.  Epinotum  evenly  rounded  above,  the  declivous  portion 
flattened.  Petiole  in  profile  thin,  wedge-shaped.  Gaster  thick,  short.  Legs  short; 
femora  compressed. 

Subopaque.  Head  and  legs  somewhat  more  shining  than  the  rest.  Head,  body 
and  appendages  finely  and  very  densely  punctate,  impressed  portions  of  head  densely 
rugulose;  vertex  with  scattered  foveolate  punctures.  Mandibles  sparsely  and  nigosely 
punctate  and  with  fine  stria. 


h 

Fig.  10.  Camponotus  (Coloboptii*)  nphcericus  Roger.  QJ .  o. — Head  and  pronotum  from  «do. 
6. — ^Head  from  front. 

Vertex,  thorax,  epinotum,  and  gaster  with  abundant  white,  glistening  hairs, 
erect  on  vertex  and  thorax,  but  both  erect  and  recumbent  on  gaster.  Legs  with  finer 
recumbent  hairs.    Antennal  scapes  with  a  few  erect  hairs  at  tips. 

Color  black,  antenna  and  legs  red,  the  anterior  femora  inf uscated  on  flexor  sides- 

Worker  minor. — Length  5.5  mm. 

Head  longer  than  broad,  narrowest  in  front,  sides  nearly  straight.     Clypeus 
broader  than  long,  indistinctly  and  bluntly  elevated  at  middle,  with  straight  anterior 
border.    Frontal  carina  feeble  and  short,  not  extending  to  opposite  middle  of  eye.  • 
Antenna  slender,  their  scapes  surpassing  occipital  comers  by  about  one-third  their 
length. 

Body  and  appendages  somewhat  shining.  Sculpture  similar  to  that  of  soldier, 
except  that  the  head  is  not  rugulose  in  front  and  the  erect  white  hairs  are  much  more 
abundant  and  not  absent  on  the  front  of  head. 

Co'or  as  in  worker,  except  the  mandibles  which  are  red  inFtead  of  black. 

Cuba : — Pinares    Baracoa. 
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Redescribed  from  a  large  series  which  I  found  in  a  hollow  fern  stalk 
at  Rnares  and  from  specimens  collected  and  given  to  me  by  Sefior 
Patnicio  Cardin,  Government  Entomologist  of  Cuba,  who  took  them  at 
Baracoa.  The  types  of  the  species  came  from  Santiago  de  Cuba.  It 
apparently  is  a  mountain  form,  confined  to  the  eastern  end  of  the  island. 

Camponotus  (ColobopsiB)  spharicus  Roger  cardini,  new  variety 

Two  workers  collected  by  Frank  E.  Lutz  and  given  to  me  by  Prof.  Wheeler  differ 
from  the  preceding  form  in  having  all  the  femora  black,  except  at  the  tips,  and  the 
pilosity  of  the  gaster  is  rather  more  abundant. 

Cuba: — North  of  Viflales. 

Camponotus  (ColobopsiB)  sphsBriciu  Roger  subspecies  sphflBraUs  Roger 
Camponotus  aphtjeralis  Roger,  1863,  Berliner  ent.  Zeitschr.,  VII,  p.  147,  9. 

Soldier. — Length  5  mm. 

Differing  from  typical  sphomcus  in  its  smaller  size  and  in  the  following  charac- 
ters: the  pro-  and  mesothorax  are  longer  in  proportion  to  their  width;  the  erect  hairs 
on  the  body  are  sparser,  the  oppressed  ones  on  the  gaster  are  decidedly  squamiform. 

Worker. — Length  4-4.5  mm. 

Head  proportionately  a  little  longer  than  in  spharicaa.  Head  and  body  beset 
with  abundant,  though  not  dense,  squamiform  white  hairs.  Erect  pile  much  less 
abundant  than  in  the  typical  form. 

Cuba: — Cardenas;  Victoria  de  las  Tunas. 

This  and  the  preceding  form,  though  distinct,  are  no  more  than  sub- 
specifically  different.  The  typical  form  is  mountain  inhabiting,  Uving  in 
the  dense  woods  in  hollow  twigs.  The  subspecies  occurs  at  lower  alti- 
tudes and  in  dry  open  woods. 

Camponotus  (CdLobopaiB)  gundlachi,  new  species 

Worker. — Length  3  mm. 

Head  a  little  longer  than  broad,  with  convex  sides,  rounded  comers  and  convex 
occipital  border.  Mandibles  with  four  elongate  triangular  teeth.  Clypeus  convex, 
obtusely  carinate  at  middle,  rounded  in  front.  Antennse  slender,  their  scapes  sur- 
passing occipital  comers  by  about  one-third  of  their  length;  first  funicular  joint  less 
than  twice  as  long  as  the  second ;  remaining  joints  subequal;  terminal  joint  not  ss  long 
as  the  two  preceding  joints  together.  Eyes  large  and  convex,  situated  in  front  of 
sides  of  head  and  posterior  to  the  middle.  Pronotum  about  twice  as  broad  as  long, 
roundly  margined  at  front  and  at  anterior  two-thirds  of  sides;  the  surface  rather  flat. 
Pro-mesonotal  impression  feeble;  meso-epinotal  impression  obsolete  above.  Meso- 
notum  twice  as  long  as  broad.  Basal  and  declivous  portions  of  epinotum  rounding 
into  each  other,  the  surface  of  the  latter  flat,  with  rather  prominent  lateral  tubercles. 
Petiolar  node  in  profile  a  little  more  than  twice  as  high  as  long,  rounded  in  front,  be- 
hind and  above;  margined  at  sides.    Gaster  small  and  elongate. 

Shining  throughout.  Mandibles  with  dense  and  fine  pimctation  and  sparse, 
coarser  punctures.  Head  and  thorax  above  very  densely,  evenly  and  shallowly  punc- 
tate;  thoracic  pleurae,  epinotum,  petiole,  and  gaster  subtilly  striolat^.    Legs  punc- 
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tate  similarly  to  body,  but  rather  more  fuUy. 

Hairs  on  head  and  body  very  sparse,  fine,  silky  and  semirecmnbent,  those  on 
antennsB  and  legs  short  and  stiff. 

Black,  with  the  anterior  portions  of  head  and  the  mandibles  reddish.  Antennse 
and  legs  yellowish  brown. 

Cuba: — Saetia  (Oriente). 

Described  from  a  single  worker  taken  on  a  leaf  in  dry  open  woods. 
I  do  not  hesitate  to  describe  the  species  from  the  worker  phase,  because 
it  is  undoubtedly  a  Colobopsis  and  strikingly  different  from  any  of  the 
other  West  Indian  species. 

Camponotus  (ColobopsiB)  culmiedla  Wheeler  haweiai,  new  variety 

Distinguished  from  typical  culmicola  as  follows.  In  the  soldier  the  head  is  red, 
the  remainder  testaceous  to  brownish,  with  the  last  two  gastric  segments  black. 
The  workers  are  similarly  colored,  except  that  the  head  is  Ught  brown,  similar  to  the 
thorax.   The  structure  and  sculpture  are  as  in  culmicola. 

A  soldier  and  small  series  from  a  colony  taken  in  a  hollow  stalk  at 
Nassau,  Bahamas. 

This  very  handsome  variety  is  named  after  Mr.  Stephen  Haweis, 
the  artist. 
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Article  IX.— TWO  NEW  BATRACHIANS  FROM  COLOMBIA 

By  G.  K.  Noble 

In  an  earlier  paper^  I  have  indicated  that  a  number  of  valuable 
collections  of  reptiles  and  amphibians  from  South  America  have  been 
acquired  in  recent  years  by  The  American  Museum  of  Natural  History. 
The  collection  of  amphibians  from  near  Mesopotamia,  Department  of 
Antioquia,  Colombia,  presented  to  the  American  Museum  by  Mr.  R.  D. 
O.  Johnson  contains  two  new  species  of  batrachians  in  addition  to  those 
species  discussed  in  the  earUer  paper.  I  have  selected  one  of  these 
species  as  the  type  of  a  new  genus,  very  distinct  from  HyleUa  with  which 
it  has  hitherto  been  confused.  HyleUa  has  for  a  long  time  been  recog- 
nized as  an  assemblage  of  unrelated  species  of  speciaUzed  Hylas.  But 
it  is  obvious  from  the  following  that  all  the  species  of  Hylella  cannot  be 
indiscriminately  referred  to  Hyla, 

Cantrolenella,  new  genus  (LeptodactyUdse) 
Description. — Closely  related  to  Centrolenef  from  which  it  differs  in  the  ab- 
sence of  vomerine  teeth  and  humeral  spines;  no  omostemum;  sternum  narrow, 
cartilaginous;  sacral  diapoph3rse8  moderately  dilated;  fingers  and  toes  webbed; 
outer  metatarsals  united;  tips  of  the  digits  dilated  into  adhesive  disks  which  are 
truncate  or  sub-truncate  distally;  pupil  horizontal;  tympanum  exposed;  tongue 
slightly  notched,  scarcely  free  behind. 

Type. — CerUroleneUa  arUioquiensiSt  new  species. 

Remarks. — Centrolenella  bears  nearly  the  same  relations  to  Cen- 
trolene  that  Hylella  does  to  Hyla,  Still,  it  Ls  more  than  a  Centrolene 
which  has  lost  the  vomerine  teeth.  The  Johnson  collection  contains  a 
large  female  Centrolene  geckoideum  (A.  M.  N.  H.  No.  1383)  from  Santa 
Rita  Creek.  This  specimen  is  57  mm.  in  length,  and  has  its  ovaries  well 
developed.  It  possesses  the  large  humeral  spines  hitherto  considered 
characteristic  of  the  male.  It,  therefore,  seems  highly  improbable  that 
these  humeral  spines  have  any  copulatory  significance.  From  their 
position  and  form  it  seems  more  probable  that  they  have  some  scansorial 
function,  perhaps  enabUng  the  frog  to  retain  its  hold  on  a  tree.  Centro- 
leneUa  lacks  these  humeral  spines  in  the  adults  of  both  sexes. 


>NobIe,  1917.  Bull.  Amer.  Mus.  Nat.  Hist..  XXXVII,  pp.  793-814,  Pis.  xciii-xcvi.  Through  error 
one  of  the  ci^tions  on  p.  796  was  repeated.  The  caption  for  drawing  A  of  figure  1  should  read  Bleuthero- 
dadylua  martinicensis  in  place  of  Leptodadylus  lineatus.  Typographical  errors  occur  in  the  spelling 
of  Levtodadyltu  melanonotus  on  pages  795  and  796,  of  Hylodes  anonuilus  on  page  806,  and  of  Lepto- 
daetylut  mystaceut  on  page  812. 
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Hyla  prosoblepoUy  described  by  Boettger  (1892,  Kat.  Batr.  Senck. 
Mus.,  p.  45)  from  Costa  Rica,  possesses  so  many  external  features  in 
common  with  Centrolene  that  one  is  inclined  to  refer  it  to  that  genus. 
Still,  the  humeral  spine  of  H.  prosoblepon  was  described  as  peculiar  to 
the  male  only,  and  the  vomerine  teeth  may  or  may  not  be  present  as  in 
many  species  of  Hyla.  Without  an  examination  of  its  internal  structure, 
the  true  relationships  of  H.  prosoblepon  cannot  be  determined  with  any 
degree  of  certainty. 

It  seems  very  probable  that  Ce?itrolenella  will  be  shown  to  embrace  a 
number  of  species  usually  referred  to  HyleUa.  C.  antioquiensis,  as  stated 
below,  stands  intermediate  between  H.  ocelkUa  and  H.  parambce.  It 
seems  probable  that  both  these  species  will  be  shown  referable  to 
Centrolenella.  I  have  examined  a  specimen  (M.  C.  Z.  No.  2526)  of 
Hylella  buckleyi  in  the  Museum  of  Comparative  Zoology  collected  by 
Rosenberg  in  Ecuador  and  probably  identified  by  Boulenger  as  that 
species.  It  agrees  entirely  with  his  original  description  and  figure 
(Boulenger,  1882,  Cat.  Batr.  Sal.  Brit.  Mus.,  p.  420,  PI.  xxv,  fig.  5). 
This  specimen  was  found  on  dissection  to  be  a  Centrolenella.  H.  btickleyi 
must  be  referred  to  that  genus. 

The  question  immediately  arisen  whether  the  type  species  of  Hylella 
possesses  the  Tnshaped  terminal  phalanges  and  other  features  characteriz- 
ing Centrolenella.  If  so,  the  name  Hylella  would  have  priority,  but  it  would 
have  to  be  restricted  to  a  limited  group  of  species.  No  specimens  of  H. 
teneray  the  type  species,  are  available  for  study  but  every  indication  points 
toward  the  conclusion  that  it  is  a  Hyla  which  has  failed  to  develop  the 
vomerine  teeth,  as  in  the  case  of  many  other  species  of  Hyla.  The  ver- 
tical loreal  region,  the  distinct  canthus  rostralis,  the  type  of  color  pattern, 
— all  suggest  the  relationship  of  H.  tenera  to  the  genus  Hyla. 

An  equally  important  argument,  perhaps,  is  the  fact  that  Centro- 
lenella antioquiensis  and  C.  buckleyi,  as  well  as  their  apparently  closest 
aUies,  are  confined  to  the  northern  Andes  just  as  is  Centrolene  from  which 
this  group  of  species  seems  to  have  evolved.  H.  tenera  is  a  Brazilian 
species  probably  most  closely  related  to  certain  BraziUan  species  of 
Hylella  or  Hyla.  It  seems  extremely  unlikely  that  H.  tenera  is  a  Ceniro- 
lenella. 

The  relationship  of  Centrolenella  to  Centrolene  is  obvious,  but  the 
relationship  of  these  two  genera  to  any  other  is  obscure.  Centrolene 
was  placed  in  the  Leptodactylidae  by  Boulenger  (1882)  but  it  has  its 
sacral  diapophyses  expanded  as  much  as  the  majority  of  hyUds.  If  we 
search  for  the  relationships  of  Centrolene  among  the  Leptodactylidae,  we 
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find  that  it  differs  radically  from  all  neotropical  leptodactylids  in  lack- 
ing an  omosternuin  and  in  possessing  moderately  expanded  sacral  diapo- 
physes.  The  mere  tabulation  of  its  characters  in  general  use  in  classifica- 
tion would  show  that  it  has  most  in  common  with  the  South  African 
Hekophryne.  But  it  differs  from  that  genus  in  possessing  an  intercalary 
bone  (or  partly  ossified  cartilage)  between  the  two  terminal  phalanges, 
in  having  its  outer  metatai-sals  bound  together,  and  in  exhibiting  a 
narrow  sternum,  horizontal  pupil,  and  webbed  fingers.  The  several 
Australian-New  Guinean  genera  of  leptodactylids  lacking  the  omoster- 
num  and  possessing  moderately  dilated  sacral  diapophyses  have  little 
more  in  common  with  Centrolene  than  has  Hekophryne,  Centrolene 
seems  to  be  an  aberrant  genus  not  closely  allied  to  any  of  the  known  lep- 
todactylids but  possessing,  perhaps  through  convergence,  more  features 
of  certain  Australian — South  African  genera  than  any  neotropical. 

So  far  as  the  characters  used  at  the  present  time  in  batrachian 
classification  would  indicate,  Centrolene  and  Cenirolenella  cannot  be 
properly  assigned  to  any  of  the  existing  families.  The}'^  stand  midway 
between  the  LeptodactyUdae  and  Hylidae.  In  the  paper  mentioned  above 
I  have  discussed  in  some  detail  the  relationships  of  HyloHcirtu^,  a  lep- 
todactylid  with  claw-shaped  terminal  phalanges.  If  we  should  again 
attribute  primary  importance  to  the  form  of  the  sacral  diapophyses,  we 
might  consider  Centrolene  and  Cenirolenella  as  hyUds  with  T-shaped 
terminal  phalanges.  It  is  then  obvious  that  all  distinction  between  the 
Hylidse  and  Leptodactylidae  breaks  down. 

There  is  some  doubt  as  to  how  much  emphasis  should  be  laid  on  the 
form  of  the  sacral  diapophyses.  Fry  (1915,  Proc.  Queensland  Roy. 
Soc,  XXVII,  p.  75,  figs.  2«-2c)  has  shown  that  the  distinction  between 
the  pelobatid  Lechriodus  and  the  leptodactylids  Chiroleptes  and  Heleio- 
poriis  is  an  artificial  one,  since  their  sacral  diapophyses  are  nearly  equally 
expanded.  The  sacral  diapophyses  of  Centrolene  are  dilated  about  as 
much  as  those  of  HeleioporuH  (idem,  fig.  26).  It  seems  most  advisable 
to  regard  Centrolene  and  Cenirolenella  as  leptodactylids  which  have 
developed  expanded  sacral  diapophyses.  These  sacral  diapophyses  are 
not  less  expanded  than  those  of  several  species  of  i/i/Za  and  several  genera 
of  hylids.  The  Umits  of  the  families  Hylidae  and  LeptodactyUdae  grade 
into  each  other.  Whether  or  not  it  is  advisable  to  combine  these  two 
famiUes  is  a  matter  of  opinion,  especially  in  view  of  the  present  unsatis- 
factory state  of  the  classification  of  the  Salientia. 
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Centrolenella  antioquiensia,  new  speci&s 

Diagnostic  Characters. — Canthus  rostralis  very  rounded,  the  eyes  directed 
imrtially  forward;  inner  finger  distinctly  longer  than  the  second,  two  outer  fingers  one- 
half  webbed;  toes  nearly  completely  webbed;  tibio-tarsal  articulation  extending  a 
little  beyond  the  snout;  bluish  gray  above  spotted  with  white. 

Distribution. — Known  only  from  the  type  locality. 

Type. — A.  M.  N.  H.  No.  1354  from  Santa  Rita  Creek,  fourteen  miles  north  of 
village  of  Mesopotamia,  in  the  southern  part  of  the  Department  of  Antioquia, 
Colombia;  R.  D.  ().  Johnson,  collector. 

Dbscripiion  op  Type. — (Adult  female.)  Tongue  nearly  circular,  slightly 
notched  behind:  ho^id  about  as  long  as  broad,  semicircular  as  seen  from  above;  eyes 
directed  partly  forward,  their  greatest  length  equal  to  their  distance  from  the  end  of 
the  snout;  canthus  rostralis  rounded  oflF,  not  distinct;  loreal  region  gradually  slop- 
ing to  the  edge  of  the  mouth;  the  two  nostrils  raised  a  little  above  the  gradual  slope 
of  the  snout;  interorbital  space  one  and  a  half  times  as  wide  as  the  width  of  the  upper 
eyelid;  tympanum  distinct,  one-third  or  one-fourth  the  greatest  diameter  of  the  eye. 
Fingers  long,  the  first  distinctly  longer  than  the  second,  digital  expansions  about  a 
fourth  wider  than  the  digits,  squarely  truncated,  giving  certain  of  the  digital  expan- 
rtions  a  sub-triangular  form;  two  outer  fingers  half  webbed,  the  web  extending  to  the 
base  of  the  penultimate  phalanx  of  the  outer  finger  and  to  the  distal  third  of  the  ante- 
penultimate of  the  third  finger;  two  inner  fingers  webbed  only  at  the  base;  toes 
webbed  to  the  digital  expansions  except  the  fourth  which  is  webbed  to  the  base  of  the 
penultimate  phalanx;  a  single,  inner  metatarsal  tubercle;  subarticular  tubercles 
small,  not  distinct;  no  tarsal  fold  or  spur.  Tibio-tarsal  articulation  extending  a  little 
beyond  the  end  of  the  snout;  tibia  contained  one  and  two-thirds  times  in  the  head 
and  body  length;  upper  surfaces  smooth,  belly  and  ventral  surfaces  of  the  thighs 
granular,  no  distinct  fold  across  the  chest. 

Color  above  a  bluish  or  purpUsh  gray;  about  twenty  whitish  spots  scattered  widely 
over  the  doraal  surfaces;  ventral  surface  including  the  concealed  portions  of  the  thighs 
a  uniform  yellowish  white. 

I)iffi€runon.*< 

Tip  of  snout  to  vent 22  mm. 

Width  of  head 8    " 

Length  of  limb  from  axilla 12     " 

Hind  limb  from  vent  to  top  of  longest  toe 38 

NoiEs  ON  Paratypes. — In  addition  to  the  type  we  have  an  aciult  male,  A.  M.  N. 
H.  No.  1353,  20  mm.  in  length,  and  an  immature  specimen,  A.  M.  N.  H.  No.  1356, 
14  mm.  long,  both  from  the  same  locality  as  the  type.  The  white  dorsal  spots  of 
these  two  paratypes  are  not  so  numerous  as  in  the  type  and  the  ground  tone  of  the 
male  is  lighter.    The  general  body  proportions  of  all  three  specimens  are  identical. 

Relations. — C.  antioquiejisis  appears  to  be  intermediate  between 
the  two  species  described  by  Boulenger  as  Hylella  parambw  and  H. 
ocellata  respectively.  The  half-webbed  outer  fingers,  long  inner  finger, 
and  special  coloration  distinguishes  C.  antioquieiisis  from  these  species. 
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C.  aniioquierms  and  C.  buckleyi  have  the  rounded  snout,  flat  head, 
anteriorly  directed  eyes,  truncate  digits,  and  small  tympanum  of 
Cenirolene.  A  number  of  species  of  Hylella  have  been  described  from  the 
Andes  and  southern  Central  America  with  similar  features.  Future 
work  will  probably  show  that  many,  if  not  all,  are  referable  to  Centro- 
lenella. 

Bufo  rostratus,  new  spc^cie« 

Diagnostic  Characters. — Crown  of  the  head  with  or  without  projecting  ridges; 
snout  produced  into  a  three-edged  rostrum;  paratoid  glands  triangular,  not  longer 
than  the  greatest  diameter  of  the  eye;  tympanum  hidden;  fingers  one-third,  toes 
three-fourths  webbed;  no  tarsal  fold;  skin  tubercular  above;  a  prominent  series  of 
large  tubercles  along  each  side  of  the  back. 

Distribution. — ^Known  only  from  the  type  locality. 

Type. — ^A.  M.  N.  H.  No.  1359,  from  Santa  Rita  Creek,  fourteen  miles  north  of 
the  village  of  Mesopotamia  in  the  southern  part  of  the  Department  of  Antioquia, 
Colombia;  R.  D.  O.  Johnson,  collector. 

Description  of  Type  Specimen. — (Adult  male.)  Head  pointed,  the  snout 
produced  into  a  rostrum  which  projects  beyond  the  mouth  for  a  distance  equal  to 
three-fourths  the  diameter  of  the  eye;  this  rostrum  flat  above,  the  sides  approaching 
each  other  to  form  a  sharp  ventral  edge;  distance  from  the  angle  of  the  jaw  to  the 
tip  of  the  rostrum  exactly  equal  to  the  greatest  width  of  the  head,  one-third  the 
head  and  body  length;  canthus  rostralis  very  sharp,  loreal  region  concave;  inter- 
orbital  space  twice  as  M'ide  as  the  width  of  the  upper  eyelid;  dorsal  surface  of  head 
tubercular  but  no  cranial  ridges  apparent  except  for  a  short  temporal  crest  extending 
from  the  posterior  border  of  the  eye  to  the  parotoid  gland;  tympanum  hidden; 
parotoid  glands  small,  sub-triangular,  about  equal  to  the  greatest  diameter  of  the  eye. 
Fingers  long,  webbed  only  a  little  beyond  the  metacarpals,  but  the  web  extending  into 
the  metacarpal  region  making  the  fingers  appear  about  one-third  w^ebbed,  the  web 
continued  along  the  edges  of  the  fingers  as  a  narrow  seam;  first  finger  about  half  as 
long  as  the  second,  in  other  words,  extending  only  slightly  beyond  the  metacarpal  of 
the  second  finger;  toes  about  three-fourths  webbed,  the  web  extending  to  the  end  of 
the  last  phalanx  of  the  two  inner  toes,  to  the  base  of  the  last  phalanx  of  the  third  and 
fifth  toes,  and  to  the  base  of  the  antepenultimate  of  the  foiu^th  toe ;  web  continued  as  a 
seam  to  the  tips  of  all  the  toes;  two  metatarsal  tubercles,  the  inner  much  the  larger; 
subarticular  tubercles  indistinct;  no  tarsal  fold.  Tibio-tarsal  articulation  extending 
only  to  the  anterior  end  of  the  parotoid  gland ;  tibia  contained  two  and  one-half  times 
in  the  head  and  body  length;  skin  of  the  back  tubercular,  a  series  of  large  tubercles 
forming  a  well-marked  dorsolateral  denticulated  ridge;  other  large  tubercles  scattered 
over  the  back  and  dorsal  surface  of  the  appendages. 

Color  above  yellowish  brown,  indistinctly  marked  with  darker  brown,  forming 
crossbands  on  the  legs;  ventral  surfaces  yellowish  white  reticulated  with  dark  brown 

Dimensions 

Tip  of  snout  to  vent 41  mm. 

Width  of  head 14     " 

Length  of  fore  limb  from  axilla 31     '* 

Hind  limb  from  vent  to  tip  of  longest  toe ol     ** 
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Notes  on  Paratypes. — Two  other  specimens,  A.  M.  N.  H.  Nos.  1384,  1362, 
complete  om*  series  of  the  species.  They  come  from  the  same  locality  as  the  type  but 
they  are  apparently  immature  for  they  measure  only  36  mm.  and  23  mm.  respectively. 
The  larger  of  these  two  specimens  differs  radically  from  the  type  in  having  the  skin  of 
the  skull  involved  in  cranial  ossification  and  produced  in  a  series  of  ridges.  The 
canthus  rostralis  is  very  sharp  in  this  specimen  and  is  continued  posteriorly  as  a 
supraciliary  ridge  to  the  posterior  border  of  the  eye  where  it  divides  into  two  ridges, 
one  continued  posteriorly  to  the  occipital  region  and  the  other  extending  outward 
along  the  posterior  border  of  the  orbit  until  it  joins  the  short  temporal  ridge  described 
in  the  type.  This  series  of  cranial  ridges  is  very  similar  to  that  found  in  B,  coniferus 
but  here  it  does  not  form  a  specific  nor,  so  far  as  I  have  been  able  to  determine,  even  a 
sexual  character.  The  three  six^imeas  of  our  series  show  a  little  variation  in  the 
distribution  of  the  dorsal  tubercles.  Further,  the  two  paratypes  are  redder,  less 
yellow,  than  the  ty\Hi. 

Relations. — B.  rostratm  is  apparently  most  closely  related  to  B. 
coniferus  Cope,  which  ranges  from  Nicaragua  to  Colombia.  It  agrees 
with  that  species  in  the  formation  of  the  cranial  ridges  (when  present), 
in  the  short  first  finger,  the  dorsolateral  series  of  tubercles,  and  small 
parotoid  glands.  It  differs  from  B.  coniferus  in  its  greatly  produced 
snout,  hidden  tympanum,  and  more  extensively  webbed  digits.  It  is 
noteworthy  that  B.  rostratus  simulates  several  species  of  Atelopus  in 
general  form,  agreeing  especially  well  withA.fesf/e  Peracca  of  Ecuador. 
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Article    X.— NOTES    ON    AMERICAN    LEPIDOPTERA    WITH 

DESCRIPTIONS  OF  NEW  VARIETIES 

By  Frank  E.  Watson  and  Wm.  P.  Comstock 

Variation  is  a  subject  fruitful  of  discussion  and,  as  all  the  butter- 
flies described  in  the  following  pages  are  variations  of  recognized  species, 
it  seems  best  to  make  our  position  clear  and  define  our  terms,  so  that 
readers,  who  have  not  seen  the  works  quoted  below,*  may  have  a  clear 
understanding  of  just  what  we  mean  and  what  we  consider  these  butter- 
flies to  be  biologically  and  how  we  place  them  taxonomically.  We 
follow  the  principles  and  nomenclature  used  by  Rothschild  and  Jordan 
in  their  comprehensive  revisions  of  the  Sphingidse  and  American 
Papilios. 

We  consider  a  *' species"  to  be  a  group  of  individuals  of  the  same 
general  kind  which  are  fertile  inter  se  but  which  are  or  tend  to  be  in- 
fertile with  individuals  of  any  other  group.  Every  individual  of  a  species 
possesses  certain  characters  common  to  every  other  individual  of  the 
same  sex  of  that  species,  except  where  there  is  ''alternation  of  genera- 
tions" or  something  of  the  sort,  and  these  characters  or  their  combina- 
tion is  not  possessed  by  any  other  species.  There  may  be  little  or  great 
variation  of  characters  within  a  species  and  the  geographic  range  of  a 
species  may  be  large  or  small;  or,  as  Rothschild  and  Jordan  put  it 
(Nov.  Zool.,  XIII,  p.  430,  footnote)  "Tlie  principal  criterion  of  the  con- 
ception 'species'  is  that  species  can  exist  together  without  fusing,  no 
other  barrier  keeping  them  apart  than  their  own  organization." 

We  sometimes  find  one  or  several  individuals  which  di£Fer  in  one  or 
more  characters  from  other  individuals  of  the  species.  If  such  variant 
individuals  are  rare,  we  consider  them  to  be  "aberrations"  and,  if  they 
are  quite  distinct,  we  think  it  is  well  to  call  attention  to  them  and  to 
give  them  a  name  which  may  enable  workers  to  refer  to  them  without 
repeating  a  description.  It  is  presumed  but,  without  breeding  experi- 
ments, cannot  be  positively  asserted  that  the  variant  characters  of  an 
aberration  are  transmitted  to  its  descendants  although,  if  recessive  in  a 
Mendelian  sense,  they  may  not  become  evident  again  for  many  genera- 

iRothschild,  Walter  and  Jordan,  Karl.  1003.  A  Revision  of  the  Lepidopterous  Family  Sphingidff . 
Nov.ZooL.IX.Suppl. 

Rothschild,  Walter  and  Jordan,  Karl.  1006.  A  Revision  of  the  Amencan  PapiUos.  Nov. 
Zool.,XIlI. 

Turner,  Hy.  J.  1013.      The  Terminojoey  of  Variation.      Ent.  Rec.,  XXV,  pp.  230-233.  303,  304. 

McAtee.  W.  L.  1020.  Specific,  Subspecific  and  Varietal  Catagoriee  of  Insects  and  the  Naming  of 
them.   Ent.  News,  XXXI,  pp.  46-55, 61-65. 
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tions,  if  at  all.  On  the  other  hand,  there  may  be  such  an  increase  in 
the  number  of  individuals  showing  the  aberrational  characters  that  they 
are  common  in  one  or  more  locaUties.  We  consider  that  the  aberration 
has  then  developed  intq  a  color  phase  or  "form." 

According  to  this  conception,  there  is  no  fundamental  difference 
between  a  form  and  an  aberration .  It  is  merely  a  question  of  the  number 
of  individuals  showing  the  characters  in  question.  What  is  now  an 
aberration  may  become  a  form  in  a  few  years  and  what  ii^  merely  an 
aberration  in  one  locality  may  be  abundant  enough  in  another  locality 
to  be  considered  a  form.  In  the  latter  case  we  would  call  it  a  form  wher- 
ever found.  We  use  the  two  terms  merely  to  express  the  state  of  affairs 
at  the  present  time  as  far  as  we  know  them. 

A  "  subspecies  *'  is  a  taxanomic  division  intermediate  in  rank  between 
form  and  species  and,  as  we  use  the  term,  two  subspecies  never  occur  in 
the  same  locality.  They  are  incipient  species.  A  subspecies  might  be 
considered  to  be  a  variety  which  has  become  so  thoroughly  established 
as  to  have  replaced  its  ancestral  form.  If  a  species  has  broken  up  into 
subspecies  or  forms,  or  into  both  subspecies  and  forms,  the  species  is 
the  aggregate  of  all  its  varieties. 

We  consider  *'race,"  "geographical race"  or  "geographical  variety" 
as  synonymous  with  subspecies.  When  the  term  "form"  is  used  in  a 
definite,  technical  sense,  we  apply  it  to  color  forms  or  phases  as  before 
mentioned.  As  we  are  not  dealing,  in  this  paper,  with  either  dimorphs 
or  seasonal  forms,  we  refer  the  student  to  the  'Monograph  of  the  Sphin- 
gidae,'  p.  xliv,  for  the  proper  formulae.  We  do  not  use  the  word 
"variety"  in  any  strict  or  definite  sense  but  only  as  a  general  term  to  cover 
any  or  all  of  the  various  components  of  a  species.  The  reasons  for  not 
using  "variety"  for  a  definite  form  are  amply  discussed  in  both  of  the  revi- 
sions referred  to  above. 

The  taxonomic  arrangement  employed  is  to  use  a  binomial  for  the 
species,  if  no  subspecies  be  known.  If  subspecies  are  known  a  trinomial 
is  used.  These  may  be  followed  by  the  names  for  the  form  or  aberration 
preceded  by  the  abbreviations  f.  or  ab.  The  name  of  an  insect  thus 
becomes  a  formula  which  shows  at  a  glance  its  phylogenetic  relationship, 
as  understood  by  the  author.  We  have  employed  the  above  defined 
system  in  arranging  the  following  species  and  where  our  information 
warrants  it  in  connection  with  previously  described  insects,  we  have 
changed  the  author's  original  designation. 
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Basilarchia  floridensis  ab.  halli,  new  aberration 
This  aberration  differs  from  the  typical  floridensis  of  Strecker  in 
having  the  extradiscal  band  on  the  secondaries  above  obsolete.  All  other 
markings  above  and  below  are  as  in  the  typical  form.  It  is  the  same  type 
of  aberration  as  B.  archippiis  ab.  larithanis  Cook  and  Watson  and  if  there 
be  anything  in  the  mimicry  theory,  it  is  a  better  mimic  of  Danaus 
herenice  Cramer  than  is  typical  floridensis  (Strecker). 

Holotype  male. — Florida;  in  The  American  Museum  of  Natural 
History.  This  specimen  is  in  very  fair  condition  except  for  a  nick  at  the 
apex  of  the  left  secondary.  Mr.  G.  C.  Hall  donated  this  specimen, 
which  was  purchased  from  a  dealer,  to  the  Museum  and  we  take  pleasure 
in  dedicating  it  to  him. 

Stryxnon  acadica  souhegan  (Whitney) 
W.  H.  Edwards  described  acadica  in  1862  from  a  specimen  taken 
by  W.  Saunders  at  London,  Ontario.  C.  P.  Whitney  described  souhegan 
in  1868  from  specimens  taken  by  him  at  Milford,  New  Hampshire,  on 
the  banks  of  the  Souhegan  River.  W.  H.  Edwards  lists  sovhegan  as  a 
variety  of  acadica  (Synopsis  of  North  American  Butterflies,  1872,  p. 
29).  Since  that  date  souhegan  has  appeared  in  the  synonymy  in  our 
various  catalogues  and  there  has  been  no  recognition  of  its  true  sig- 
nificance. 

A  recent  series  of  acadica  received  from  Gravenhurst,  Muskoka 
District,  Ontario,  collected  by  H.  S.  Parrish,  were  of  such  different 
appearance  from  the  specimens  of  local  capture  in  the  hills  of  New 
Jersey  that  an  investigation  was  prompted.  These  Muskoka  specimens 
were  captured  July  19  to  27,  1918  and  are  in  fresh  and  perfect  condition. 
They  agree  very  closely  with  W.  H.  Edward's  original  description  of 
axMdica  and  also  with  his  figures  (The  Butterflies  of  North  America, 
1868,  I,  PI.  1.  Thecla).  They  were  captured  approximately  150  miles 
from  London,  Ontario.  These  specimens  are  characterized  on  the  wings 
above  by  the  dark  ground-color,  a  slate-brown,  the  generally  brownish 
fringes  of  the  wings  and  the  orange-red  color  of  the  spot  between  the  tails. 
Beneath,  the  wings  are  a  pearly  brown  with  the  maculation  of  usual 
form  except  that  the  orange-red  markings  are  heavy  and  have  a  tendency 
to  extend  up  on  to  the  primaries  more  or  less  prominently. 

A  series  of  bred  specimens  from  Hewitt,  New  Jersey,  corresponds 
with  the  original  description  of  souhegan.  They  are  characterized  above 
by  the  pale  brown  ground-color  of  the  primaries,  the  generally  whitish 
fringes  of  the  wings  and  the  orange  color  of  the  spot  between  the  tails. 
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Beneath,  the  wings  are  a  pearl  gray  color  with  the  orange  markings 
generally  not  so  pronounced  or  of  so  reddish  a  color  as  true  acadica  and 
not  so  much  extended  on  the  primaries.  The  extradiscal  rows  of  spots 
beneath  are  generally  farther  removed  from  the  margin  than  in  acadica 
and  the  row  on  the  primary  is  generally  bent  in  toward  the  base  as  it 
nears  the  costa  to  a  greater  extent  than  in  acadica. 

A  comparison  of  the  male  genitaUa  of  specimens  from  Gravenhurst, 
Hewitt,  and  Chilson  Lake,  Adirondack  Mountains,  Essex  County,  New 
York,  shows  minor  differences.  The  Chilson  Lake  specimens  are  inter- 
mediate in  wing  appearance  between  typical  acadica  and  souhegan. 
From  the  evidence  presented  it  would  seem  that  a  resurrection  of  the 
name  souhegan  was  warranted. 

True  acadica  is  represented  only  from  the  Muskoka  locality  in  the 
collections  before  us. 

The  distribution  of  the  souhegan  race  is  shown  by  specimens  from 
Hewitt,  New  Jersey;  Ulster  County  and  Van  Cortlandt  Park, 
New  York. 

Intergrades  appear  from  Greene  County  and  Chilson  Lake,  Adiron- 
dack Mountains,  Essex  County,  New  York. 

Strymon  acadica  acadica  ab.  muskoka,  new  aberration 
This  aberration  differs  from  typical  acadica  on  the  upper  side,  in 
that  the  spot  between  the  tails  of  the  secondaries  is  pale  orange  instead  of 
orange-red.  Beneath,  it  varies  from  normal  specimens  in  that  the  or- 
(iinarily  orange-red  markings  are  yellow.  The  character  of  separation  is 
very  distinct  and  is  not  due  to  fading,  as  the  specimen  is  fresh  and  perfect 
and  was  received  in  a  series  of  typical  ocodzca.  In  the  type  specimen  there 
is  a  general  reduction  in  the  size  of  all  markings  beneath  but  all  are 
present;  however,  this  may  be  considered  as  a  note  on  the  individual 
specimen  only  and  not  as  a  characterization  of  the  aberration. 

Holotype  male. — Gravenhurst,  Muskoka  District,  Ontario,  Canada. 
July  27,  1918,  (H.  8.  Parrish);  in  The  American  Museum  of  Natural 
History. 

Strymon  acadica  souhegan  ab.  swetti,  new  al)erration 
This  al)erration  differs  from  typical  souhegan  (Whitney)  on  the 
under  side  only,  the  upper  side  Ixjing  normal.  The  under  side  is  similar 
to  the  typical  form  in  the  presence  and  location  of  all  the  usual  markings. 
The  difference  lies  in  the  ground-color,  which  is  grayish  white  instead  of 
the  typical  pearly  gray.  The  black  spots  do  not  appear  to  be  encircled 
with  white  as  in  normal  specimens.    This  effect  is  produced  by  the  lack 
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of  contrast  between  the  whitish  ground-color  and  the  white  scaling 
around  the  spots.  A  slight  trace  of  the  normal  ground-color  is  retained 
in  the  extreme  outer  margin  of  all  wings  between  the  submarginal 
lunules  and  the  outer  border;  but  this  should  be  considered  as  an  in- 
dividual rather  than  a  character  difference. 

Holotype  male. — Stony  Clove,  Greene  County,  New  York,  altitude 
1500  to  2000  feet,  Jidy  10,  1911,  (F.  E.  Watson);  in  the  collection  of 
Wm.  P.  Comstock.  We  take  pleasure  in  naming  this  aberration  for 
Mr.  L.  W.  Swett. 

Strymon  acadica  coolinensiB,  new  subspecies 
This  dififers  from  true  acadica  in  its  larger  size  and  paler  coloration. 
Alx)ve,  the  wings  both  in  the  male  and  female  are  of  the  same  color  as 
soukegan;  beneath,  the  ground-color  is  slightly  darker  than  sovhegan 
but  lighter  than  typical  acadica.  The  orange  markings  are  a  dull  orange 
and  not  orange-red  as  in  acadica.  They  come  closer  in  color  to  souhegan 
but  are  not  so  bright.  Compared  to  souhegan^  which  superficially  it 
resembles  more  closely  than  acadica y  it  will  be  noted  that  the  extradiscal 
rows  of  spots  beneath  are  slightly  closer  to  the  margin  of  the  wings  as  is 
the  case  in  true  acadica.  The  wing  expanse  is  from  36  to  40  nmi.,* 
averaging  larger  than  any  other  race  of  acadica  yaih  which  we  are 
familiar.  An  examination  of  the  male  genitalia  showed  slight  differences. 
Holotype  male  and  allotype. — CooUn,  Idaho;  in  the  collection  of 
Wm.  P.  Comstock. 

Paratype  male, — Idaho;  from  the  collet cion  of  Wm.  P.  Comstock 
and  deposited  in  The  American  Museum  of  Natural  Histor}\ 

Strymon  acadica  xnontanensifl,  new  subspecies 
This  is  indistingiushable  from  souhegan  on  the  upper  surface  but 
averages  slightly  larger,  being  from  36  to  38  mm.  in  expanse.  Beneath, 
the  ground-color  is  a  pale  but  warm  brown,  several  shades  Ughter  than 
acadica  and  darker  and  different  from  the  pearly  gray  color  of  souhegan. 
Moreover  the  extra  discal  row  of  spots  on  the  primaries  is  arranged  in  a 
straighter  Une  than  in  any  of  the  other  forms  and  does  not  curve  in  as 
much  toward  the  base  below  the  costal  margin  as  in  any  of  the  other 
races.    The  male  genitaUa  also  shows  differences. 

Holotype  male,  allotype,  and  paratype  male  No.  3. — Montana; 
in  The  American  Museum  of  Natural  History. 

Paratype  males  Nos.  1  and  2. — Montana;  in  the  collection  of  Wm. 
P.  Comstock. 

*AI1  meafiuremetits  arc  taken  from  center  of  thorax  to  apices. 
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Strymon  ssBiduzn  chlorophora,  new  subspecies 
The  male  is  dark  red-brown  with  purplish  reflections  upon  the  upper 
side,  scepium  (Boisduval)  being  of  a  slightly  paler  shade  and  not  showing 
the  purplish  tinge.  The  purplish  appearance  is  not  dissimilar  to  that 
of  the  males  of  Tharsalea  tnrginiensis  (Edwards).  Otherwise  the  upper 
side  is  as  in  scepium.  Beneath,  the  wings  are  of  a  dark  purplish  brown 
much  darker  than  scepium  and  presenting  a  strikingly  different  appear- 
ance. The  extra  discal  line  of  both  wings  is  present  but  all  white  mark- 
ings, so  noticeable  a  character  in  scepiumy  are  obsolete  in  some  to  absent 
in  many  individuals.  The  submarginal  markings  are  not  much  fainter 
than  in  scepium,  except  at  anal  angle  of  secondaries,  where  they  are 
much  more  reduced  in  prominence  and  only  traces  of  white  scales  in 
and  about  the  fringes  remain.  The  blue  anal  patch  is  also  reduced. 
There  is  a  tendency  more  or  less  developed  in  individuals  to  a  darker 
ground  shading  of  brown  within  the  extra  discal  lines.  This  is  not  at  all 
characteristic  of  scepium.  The  female  is  similar  to  the  male  except  in 
that  it  is  less  distinguishable  from  scepimn  female  above. 

Holotype  male  and  allotype. — San  Diego,  California,  June  14,  1913, 
(W.  S.  Wright);  in  the  collection  of  Wm.  P.  Comstock. 

Paratypes. — Sixteen  males  and  seven  females  from  the  collections 
of  Wm.  P.  Comstock  and  The  American  Museimi  of  Natural  Histor>', 
where  paratypes  Nos.  1  and  2  are  deposited. 

Strymon  ssBpium  prove,  new  subspecies 

The  male  is  of  a  Uttle  paler  brown  above  than  scepium  but  other- 
wise similar.  Beneath,  it  is  paler,  being  gray-brown  varying  in  shade  in 
different  individuals.  The  underside  markings  are  all  present  but  re- 
duced and  in  most  specimens  there  is  a  slight  development  of  the  white 
scales  which  border  the  extradiscal  spots  in  scepium  so  prominently. 
There  is  no  difference  in  the  ground-color  within  and  without  the  extra- 
discal rows  of  spots  except  to  a  slight  extent  in  occasional  individuals. 
The  female  is  similar  to  the  male. 

Holotype  male  and  allotype. — Provo,  Utah,  .July  9,  1909,  (T.  Spald- 
ing) ;  in  the  collection  of  Wm.  P.  C'omstock. 

Paratypes. — Eleven  males  and  eleven  females.  Nos.  1,  2,  5,  6,  7, 
8,  9,  10,  from  the  collection  of  Wm.  P.  Comstock,  are  deposited  in  The 
American  Museum  of  Natural  History. 

In  comment  on  Strymon  scepium^  the  typical  insect  seems  to  be  rare 
in  collections.  Boisduval  very  correctly  characterized  it  ("Dessous 
brun, — traverse  un  pen  au-del^  du  milieu  par  une  petite  ligne  blanche") 
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and  Oberthur  has  splendidly  figured  it  (Etudes  de  L^pidopt^rologie 
Compar^e,  1913,  IX,  part  1,  p.  40,  PI.  ccxxxv,  fig.  1922). 

The  form  fidvescens  (Henry  Ekiwards)  is  also  uncommon  in  collec- 
tions. The  types  in  the  American  Museum  collection  show  it  to  be 
pale  with  the  under  side  markings  obsolete.  The  distribution  of  these 
two  forms  is  not  known  beyond  the  type  locaUties,  but  typical  chloro- 
phora  is  found  also  in  Truckee,  California  and  Medford,  Oregon,  and 
provo  comes  from  Verdi,  Nevada  as  well  as  the  type  locality.  Strymon 
chalets  (Behr)  seems  to  be  well  worthy  of  its  name  as  it  is  distinct  and, 
for  the  present  at  least,  it  does  not  seem  advisable  to  drop  it  from  specific 
rank.  Dr.  Behr's  description  is  not  enlightening  but  the  specimens  from 
the  Henry  Edwards  material  before  us  probably  correctly  represent  the 
species.  It  has  the  contrasting  shades  of  ground-color,  dark  within  and 
light  without  the  extradiscal  rows  of  spots  beneath,  a  character  noted  in 
chlorphora,  but  is  otherwise  quite  different.  The  color  beneath  is  warm 
brown,  a  different  shade  entirely  from  the  swpium  races,  and  the  mark- 
ings are  differently  and  more  regularly  placed.  An  examination  of  the 
male  genital  armatures  of  the  various  forms  showed  slight  differences. 

Indsalia  polios  ab.  davisi,  new  aberration 
This  aberration  differs  from  normal  polios  Cook  and  Watson  in 
having  the  hoary  gray  shading  which  covers  the  outer  half  of  the  under 
side  of  the  secondaries  confined  to  the  area  between  the  veins  in  the  form 
of  elongate  elliptical  radiations.  The  series  of  chestnut-brown  dots 
occurring  in  the  usual  form  are  here  produced  as  a  series  of  larger  lunate 
spots  one  occurring  in  each  radiation.  The  margins  of  the  wings  have  a 
series  of  triangular  spots  of  the  dark  brown  ground-color,  which  color 
extends  up  the  veins  separating  the  gray  radiations. 

Holotype  male. — Manchester  (now  called  Lakehurst),  New  Jersey, 
April  29,  (W.  T.  Davis) ;  in  The  American  Museum  of  Natural  History 
from  the  collection  of  F.  E.  Watson  and  named  for  our  good  friend,  Mr. 
William  T.Davis. 

Heodes  xanthoidas  luotuosa,  new  subspecies 
This  differs  from  the  typical  form  of  xanthoides  (Boisduval)  in 
being  generally  paler  in  ground-color  on  both  wing  surfaces,  the  males 
and  females  being  equally  characteristic  in  this  particular.  The  orange 
marginal  markings  of  xanthoides  are  replaced  in  the  new  form  above  and 
below  by  pale  lemon  markings  and  their  areas  are  not  so  extensive  and 
beneath  in  the  anal  area  of  the  secondaries  obsolete.  Beneath,  the  ground- 
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color  is  strikingly  different  from  the  warm  buff  appearance  of  xanthoides, 
in  the  new  form  being  a  light  whitish  gray.  Expanse  about  the  normal 
of  xanthmdes, 

Holotype  male,  allotype  and  paratype  male. — Tehachapi,  California, 
July  2,  1918  (John  Comstock);  in  the  collection  of  Wm.  P.  Comstock. 
The  paratype  is  deposited  in  The  American  Museum  of  Natm'al  History. 

Heodes  bypophlsBas  hypophl»a8  ab.  fulliolus  (Hulst) 
A  single  male  in  fresh  condition  now  in  the  collection  of  G.  C.  Hall 
was  captured  on  Stat<3n  Island,  N.  Y.,  May  20,  1919,  by  O.  Fulda. 
This  aberration  has  not  previously  appeared  in  any  of  our  local  lists. 

The  form  fasciata  (Strecker)  and  aberration  obliterata  Scudder  also 
do  not  appear  in  any  of  our  local  lists  but  we  have  specunens  in  our  col- 
lections which  were  captured  within  the  limits  of  New  York  City  as 
well  as  in  its  vicinity. 

Our  reason  for  changing  the  status  of  fasciainy  from  aberration  to 
form,  is  its  frequency  of  occurrence  in  certain  localities.  It  was  described 
by  Strecker,  as  an  aberration,  from  a  single  female  taken  in  Florida  but 
in  light  of  the  present  known  distribution  we  feel  that  it  should  be 
elevated  in  rank.  This  form  is  of  frequent  occurrence  at  Sharon  and 
Woods  Hole,  Massachusetts,  Fox  HiUs,  Staten  Island,  New  York,  and 
in  certain  localities  on  Long  Island,  New  York.  In  a  considerable  series 
from  these  localities  many  specimens  show  the  tendency  to  prolongation 
and  irregularity  of  the  spots. 

Heodes  hypophl»a8  hypophlseas  ab.  banksi,  new  aberration 
This  aberration  differs  from  typical  hypophlceas  (Boisduval)  in 
the  markings  of  the  primaries  on  the  upper  side.  The  extradiscal  row 
of  six  black  spots  merges  with  the  border  of  the  wings.  This  is  apparently 
produced  by  the  widening  of  the  wing  border  but  comparative  measure- 
ment made  with  typical  specimens  of  hypophlceas  shows  that  this  is  not 
the  case.  The  merging  is  caused  by  an  actual  shifting  of  the  extradiscal 
row  of  black  spots,  except  the  subapical  ones,  toward  the  slightly  broader 
outer  border  and  by  the  prolongation  of  the  spots  on  their  out^r  sides 
into  the  border  where  their  bright  black  is  contrasted  with  the  rusty 
black  color  of  the  border.  The  paratype  male  is  slightly  different  in 
appearance  from  the  holoty[)e  male  in  that  the  extradiscal  black  spots 
are  smaller  and  depend  almost  entirely  upon  the  shifting  of  their  position 
to  cause  them  to  merge  with  the  border.  Also,  in  the  paratype  the 
copper  color  is  of  a  paler  tint.  The  two  spots  in  the  discal  cell  in  both 
specimens  are  normal  in  size  and  position. 
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On  the  under  gdde  of  the  primaries,  the  shifting  of  the  spots  toward 
the  border  holds  equally,  but  because  of  the  pale  gray  color  of  the  border, 
the  shifting  is  not  so  apparent  but  is  definitely  revealed  by  comparative 
measurement  with  normal  specimens.  Taking  the  third  spot  from  the 
hind  margin  as  an  instance  for  comparison,  it  was  found  that  this  spot 
in  both  specimens  of  the  aberration  now  described  is  nearer  the  outer 
margin  by  a  space  equal  to  the  width  of  the  spot  itself. 

The  secondaries  are  normal  above  and  below  and  the  size  of  the 
specimens  is  normal,  the  expanse  is  29  mm.  in  the  type  and  28  mm.  in 
the  paratype. 

A  mast  interesting  point  in  connection  with  this  aberration  is  the 
relation  to  the  fonn  fasciaia  (Strecker)  in  which  the  extradiscal  row  of 
spots  is  prolonged  toward  the  base  of  the  wing.  In  ab.  hanksi  the  spots 
are  prolonged  and  moved  in  the  opposite  direction  or  toward  the  margin. 
Thus  this  aberration  is  produced  by  an  action  directly  opposite  to  that 
which  takes  place  in  fnsciata. 

Holotype  male. — Lexington,  Massachusetts,  July  17,  1897,  (C. 
Bullard) ;  in  the  Museum  of  Comparative  Zoology,  Cambridge,  Massa- 
chusetts. 

Paratype  male. — Lexington,  Massachusetts,  July  18,  1897,  (C. 
Bullard) ;  from  the  collection  of  the  Museum  of  Comparative  Zoology, 
deposited  in  The  American  Museum  of  Natural  History. 

We  take  pleasure  in  naming  this  interesting  aberration  for  Mr. 
Nathan  Banks.  , 

Philotes  enoptes  mojave,  new  subspecies 
The  male  of  this  race  is  paler  in  appearance  than  enoptes  (Boisduval) ; 
while  enoptes  is  of  a  blue  comparable  to  comyntas  (Godart),  this  new  form 
is  of  the  same  blue  as  pseudargiobis  (Boisduval  and  LeConte).  Its 
smaller  size  (expanse  21  mm.)  is  also  noticeable  at  once,  as  it  is  only 
about  three-fourths  the  expanse  of  enoptes.  On  the  upper  side,  the  dark 
markings  are  a  dark  gray  rather  than  blackish  and  consist  of  an  edging 
on  the  outer  margin,  barely  a  milUmeter  in  width,  which  is  continuous  on 
the  primaries  and  interrupted  by  the  veins  to  form  a  series  of  border 
spots  on  the  secondaries.  Fringes  are  blackish  at  base  and  white  at 
extremity  and  alternately  black  and  white  on  primary,  as  in  enoptes. 
Beneath,  the  males  are  similar  iu  every  respect  to  enoptes  except  in 
size,  the  markings  being  i-educed  in  proportion.  The  male  genitalia 
have  been  carefully  studied  and  compared  with  other  species  and  sub- 
species of  the  genu*«  Philotes  and  show  that  this  race  is  most  closely 
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allied  to  enoptes.  The  valves  are  of  the  same  outline  as  enoptes  but 
differ  in  that  the  characteristic  saw-tooth  outer  edge  is  reduced  to  a 
single  terminal  spike  followed  by  two  small  prongs.  This  would  indi- 
cate a  relationship  to  nto  Barnes  and  McDunnough,  which  is,  however, 
offset  by  the  shape  of  the  penis,  which  has  the  narrow-lobed  base  of 
enoptes  and  not  the  broad-lobed  base  of  rita. 

The  female  is  similar  in  appearance  to  enoptes  female  on  the  upper 
side  and  beneath  it  is  similar  in  aspect  to  its  own  male,  though  more 
heavily  marked.  The  allotype  is  a  poor  specimen  but  the  presence  of 
blue  scales  at  the  base  of  the  wings  above  is  noticeable  to  a  greater 
degree  than  in  the  females  of  any  of  the  other  species  of  Philotes  before 
us.    Expanse  22  mm. 

Holotype  male  and  allotype. — Mojave  Desert,  California,  April  18, 
1913;  both  in  the  collection  of  Wm.  P.  Comstock. 

Paratype  male. — Mojave  Desert,  California,  April  18,  1914;  from 
the  collection  of  Wm.  P.  Comstock  and  deposited  in  The  American 
Museum  of  Natural  History. 

These  three  specimens  were  obtained  through  a  dealer  and  no  further 
information  than  that  given  above  was  available. 

For  working  out  the  identity  of  the  species  in  the  genus  PhiloteSj 
reference  should  be  made  to  the  valuable  papers  by  Barnes  and  McDun- 
nough in  the  various  numbers  of  their  'Contributions  to  the  Natural 
History  of  the  Lepidoptera  of  North  America  '  and  to  the  paper  by  R.  C. 
Williams,  Jr.,  in  the  Entomological  News,  1918,  XXIX,  p.  99. 

Philotes  Bonorensifl  ab.  sonoralba,  new  aberration 
The  male  of  this  form  varies  from  typical  sonorensis  (Felder)  in 
having  the  two  red  spots  on  the  primaries  above  replaced  by  two  cream- 
white  spots  which  are  larger  and  more  prominent  than  is  usual  for  the 
normal  red  spots  to  be.  Beneath,  there  is  no  trace  of  red  whatsoever, 
the  area  where  it  normally  occurs  being  cream-white  a  shade  deeper  than 
that  of  the  spots  upon  the  upper  surface.  In  normal  specimens  it  will 
be  noted  that  the  red  spots  beneath  are  surrounded  by  a  cream-white 
area.  In  other  respects  the  aberration  does  not  vary  from  typical  speci- 
mens. 

Holotype  male. — San  Diego,  California,  Februar\^  2ft,  1909,  (L. 
E.  Ricksecker);  in  the  collection  of  Wm.  P.  Comstock. 
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Plebaius  acmon  ab.  labecula,  new  aberration 

The  male  and  female  of  this  aberration  differ  from  typical  demon 
(Doubleday  and  Hewitson)  in  that  the  extradiscal  rows  of  spot  son  the 
under  side  of  the  wings  are  obsolete  to  absent. 

Individual  characters  of  the  male  specimen  not  cited  as  diagnostic 
are  its  small  expanse  (18  mm.),  the  reduced  area  of  the  pinkish  orange 
markings  of  the  secondaries  above,  and  the  pronounced  development  of 
the  cell-spot  on  the  secondaries  beneath.  The  female  expands  30  mm. 
and  is  normally  colored  and  marked  in  every  respect  except  for  the 
absence  of  the  extradiscal  rows  of  spots  beneath. 

It  is  of  interest  to  know  that  Henry  Edwards,  in  whose  collection 
these  specimens  were,  recognized  their  peculiarities  and  labeled  them  as 
varieties  of  (icmon  not,  however,  giving  them  a  name. 

Holotype  male. — San  Francisco  district,  California,  (Henry 
Edwards).  Allotype. — ^Nevada,  (W.  T.  Eaves).  Both  in  the  collection 
of  The  American  Museimi  of  Natm^l  History. 
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Article  XI.— SOME  NEOTROPICAL  MELIPONID  BEES 
By  T.  D.  a.  Cockerell 

The  following  report  deals  with  a  series  of  meliponid  bees  belonging 
to  The  American  Museum  of  Natural  History.  Those  from  British 
Guiana  and  Brazil  were  collected  by  H.  E.  Crampton  and  Frank  E.  Lutz 
of  the  Department  of  Invertebrate  Zoology  expedition  to  Kaieteur  Falls 
and  Mt.  Roraima  in  191 1 .  Their  notes  concerning  the  various  collecting 
places  are  given  at  the  end  of  this  article. 

Melipona  fascUta  baiticensiB  Cockerell 
What  was  intended  to  be  the  original  description  of  this  insect  was 
published  in  1919,  Proc.  U.  S.  National  Museum,  LV,  p.  200,  but  a  later 
manuscript  containing  a  description  was  published  earlier,  1918,  Bull. 
Amer.  Mus.  Nat.  Hist.,  XXXVIII,  p.  688.  The  1918  paper  wiU  have  to 
be  considered  as  the  original  description  and  the  Penal  Settlement,  Bar- 
tica,  British  Guiana,  specimen  as  the  type.  The  present  specimens  were 
collected  in  the  Kaieteur  region  of  British  Guiana  from  the  forest  (Lutz, 
Aug.  13)  and  also  from  the  open  savannah  (Crampton,  July  21). 

Melipona  fasdata  cramptoni,  new  subspecies 
Worker. — Clypeus  reddish  with  a  creamy  white  median  stripe  and  the  lateral 
comers  broadly  of  the  same  color;  inner  orbits  with  a  narrow  cream-colored  band, 
failing  above,  and  the  area  mesad  of  the  band  more  or  less  reddish;  scape  with  a 
ferruginous  stripe,  sometimes  distinct  only  on  the  lower  half;  hair  of  front  mixed  pale 
fulvous  and  dark  fuscous,  of  vertex  and  occiput  mainly  ferruginous  but  partly  fus- 
cous, especially  at  sides;  scutellum  and  axillse  pale  yellow;  thorax  dorsally  and  upper 
half  of  pleura  with  bright  ferruginous  hair,  becoming  dark  reddish  brown  (some  of  the 
hairs  nearly  black  but  the  general  effect  a  warm,  rich  color)  on  upper  part  of  meso- 
pleura,  anterior  comers  and  posterior  nuddle  of  mesothorax,  and  disc  of  scutellum; 
lower  part  of  pleura  with  white  hair;  wings  dusky;  legs  bright  fermginous;  abdomen 
black,  with  narrow,  entire,  pale  bands. 

The  specimens  came  from  an  ** island"  of  forest  in  the  wide  upper 
savannahs  on  the  Paiapalu  Creek,  northern  Brazil,  August  13  and  15. 
Their  nest  was  in  a  hollow  of  a  dead  tree.  The  honey  was  medium  golden 
in  color  and  somewhat  acrid.    (Crampton.) 

This  is  a  distinct  race,  differing  as  follows  from  related  forms: 

From  M,  fasdata  panamica  Ckll.  by  the  distinct  pale  face  markings, 
red  hair  of  vertex,  clear  red  legs,  and  darker  stigma. 

From  M.  fasdaia  costaricensis  Ckll.  by  the  bright  fulvous  hair  of 
head  and  thorax  above,  as  well  as  by  other  characters. 
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From  M,  fasciata  barticensis  Ckll.  by  the  brownish  tint  of  part  of 
the  thoracic  hair,  duskier  (less  yellow)  wings,  darker  stigma,  and  more 
distinct  face-markings. 

As  compared ;  with  the  other  forms  of  fasciata  y  cramptoni  seems 
distinctly  more  robust. 

Helipona  intemipta  obliteiceiu  Cockerell 
British  Guiana. — Tumatimiari;  July  11;  (Lutz).  Tukeit;  July 
17  and  21.  A  snake  had  been  killed  and  skinned  the  15th.  Trigona 
recursa  was  very  abundant  at  the  carcass  on  the  16th  and,  on  the  17th, 
both  Trigona  paMida  and  Melipona  interrupta  oblitescens  were  collected 
there.  Apparently  they  not  only  sucked  the  fluids  but  also  carried  oflf 
small  bits  of  the  flesh,  Diptera  were  relatively  rare  about  the  carcass 
(Lutz).    Kaieteur;  July  19  and  21;  (Crampton). 

Brazil. — Near  the  Cotinga  Riyer,  August  9;   (Crampton). 
These  are  the  first  exact  locality  records  for  this  form,  which  was 
described  (1919,  Proc.  U.  S.  Nat.  Museum,  LV,  p.  205)  from  a  specimen 
labelled  ''Surinam.^' 

Molipona  UUralii  Erichson 

In  1848,  in  Schomburgk's  work  on  British  Guiana,  p.  592,  Erichson 
described  a  new  bee  as  Melipona  lateralis,  I  am  indebted  to  Dr.  Lutz  for 
a  copy  of  the  description,  of  which  the  following  is  a  translation. 

Allied  to  M.  favosa.  The  head  black,  front  and  vertex  black-haired;  the  dypeus 
anteriorly  red-brown  in  the  middle  with  a  yellow  longitudinal  line;  antennae  brown- 
red  beneath,  black  above;  mesothorax  andscutellum  black-haired;  sides  of  thorax 
with  thick  yellow  pubescence,  but  beneath  and  on  metathorax  it  is  gray.  Abdomen 
aboves  hining  black,  rather  bare,  the  first  segment  red-yellow,  th6  following  four  with 
an  apical  yellow  band;  the  venter  yellow,  with  short  gray  hair;  legs  black,  black* 
haired;  wings  yellowish  hyaline. 

This  species,  which  has  been  ignored  since  its  publication,  or  at 
most  merely  cited  from  the  original  reference,  is  obviously  a  true  Meli- 
pona, It  is  to  be  compared  with  M,  qiuidrifasciaia  Lep.  and  M.  inter- 
mixta  Ckll.  The  hair  of  the  thoracic  dorsum  is  described  as  black,  with- 
out qualification,  and  this  points  to  M.  quadrifasciata.  If,  however,  we 
allow  for  a  certain  amount  of  inexactness,  the  description  apphes  well 
to  M,  intermixtay  which  is  more  likely  to  have  been  collected  in  the  region 
from  which  lateralis  came.  The  description  of  the  clypeus  is  excellent 
for  intermixta,  but  there  is  no  mention  of  light  stripes  along  the  orbits. 
On  the  whole,  I  believe  that  M.  lateralis  is  the  valid  and  prior  name  for 
intermiztaj  but  it  probably  applies  to  a  race  diflfering  in  some  respects 
from  those  at  present  known.    In  that  case  the  nomenclature  will  be: 
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Melipona  lateralis  lateralis  Erichson. 

Melipona  lateralis  intermixta  (Ckll.) 

Melipona  lateralis  kangarumensis,  new  subspecies. 

Melipona  lateralis  kangaruxnensis,  new  subspecies 
Worker. — Like  irdermixta  but  the  ground-color  of  the  abdomen  is  clear  ferru- 
ginous.   It  is  larger  than  M.  quidrijasciata  caUnra  Ckll.,  and  the  abdomen  is  clear  red 
at  the  base. 

British  Guiana. — Kangaruma,  the  type  locality,  July  13;  also 
August  18  in  the  forest  near  this  place;  (Lutz).    Four  specimens. 

Brazil. — Savannah  a  little  west  of  Brazilian  border  and  Ireng  River 
(barometric  reading,  3450  feet)  and  also  in  a  small  patch  of  forest  in  the 
upland  savannahs  (barometric  reading,  4000  feet)  near  Mt.  Weitipu; 
August  7  and  15;  (Crampton).  The  two  specimens  from  the  lower 
savannah  have  the  abdominal  bands  inconspicuous  and  look  different. 
They  are,  perhaps,  not  quite  mature,  and  one  has  the  bands  reddened 
by  cyanide. 

Melipona  pseudocentris   Cockerell 
Kangaruma,  British  Guiana;  July  13;    (Lutz).    This  species  was 
previously  known  only  from  Brazil  (Cockerell,  1912,  Psyche,  XIX,  p. 
47,  and,  1919,  Proc.  U.  S.  Nat.  Museum,  LV,  p.  202). 

Trigona  fulyiventris  Gu^rin 
Guatemala;  December  1908;  (Engelhardt).  The  specimens  are 
from  the  Zabriskie  Collection,  which  is  deposited  in  the  American  Mu- 
seum. The  8f)ecies  ranges  from  Mexico  to  Brazil.  Its  absence  from  the 
British  Guiana  collection  is  surprising,  as  it  is  so  very  abundant  in  many 
other  neotropical  regions.  The  U.  S.  National  Museum  has  it  from 
Cacao,  Trece  Aguas,  Guatemala,  (G.  P.  Goll);  S.  Antonio,  Nicaragua; 
Sonsonate,  Salvador,  (F.  Knab) ;  Esparta,  Costa  Rica,  (F.  Knab) ;  Pozo 
Azul,  Costa  Rica,  (Carriker) ;  Cordoba,  Mexico,  (F.  Knab) ;  and  the  fol- 
lowing localities  in  the  Panama  region:  Las  Cruces  (Busck),  Porto 
Bello  (Busck),  Alafaela  (Jennings),  Gatun  (Jennings),  Paraiso  (Busck), 
Alhajuelo  (Busck),  and  Cabima  (Busck). 

Trigona  jaty  Smith 
Ollas  de  Moka,  Guatemala;  December  5,  1908;  (Engelhardt); 
also  from  the  Zabriskie  Collection.  This  species  was  described  from 
Brazil  (I  have  seen  it  from  Par4)  and  has  been  previously  reported  from 
Guatemala  but  not  elsewhere.  Specimens  in  the  U.  S.  National  Museimi 
come  from  San  Jos^,  Guatemala  (F.  Knab) ;  Tabernilla,  Canal  Zone, 
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Panama  (Busck);  Pozo  Azul,  Costa  Rica  (Carriker);  and  Nicaragua. 
Some  of  the  Nicaragua  specimens  have  the  abdomen  dark.  T.  varia 
Lepeletier  resembles  T,  jaiyj  but  is  larger  (anterior  wing  7  mm.  long), 
and  the  face  is  broader.    It  occurs  in  Brazil. 

Trigona  bipunctata  wheeleri  Cockerell 
Guatemala;  December  3  and  5,  1908;  (Engelhardt) ;  from  the 
Zabriskie  Collection.  This  form  has  been  confused  with  T.  mexicana 
Gu^rin;  but  the  latter,  as  I  understand  it,  is  distinct  (cf.  Trans.  Amer. 
Ent.  Soc,  XXXI,  p.  323).  The  specimens  from  Guatemala  in  the  U.  S. 
National  Museum,  determined  by  Friese  as  mexicana,  do  not  agree  with 
mexicana  as  named  in  the  British  Museum.  As  far  as  known,  wheeleri 
has  not  been  found  outside  of  Guatemala. 

Trigona  frontalis  Friese 
Environs  of  Guadalajara,  State  of  Jalisco,  Mexico;  (Diguet). 
Previous  records  are  from  Honduras,  Nicaragua,  Guatemala,  and 
Ecuador.  A  variety,  flavocincta  Cockerell,  occurs  in  Guatemala  and 
Brazil,  and  was  taken  by  A.  Busck  at  Paraiso,  Canal  Zone,  Panama, 
January  28. 

Trigona  clavipes  (Fabricius) 
British  Guiana. — Rockstone;  July  9;  (Lutz).  Tumatumari; 
July  11;  (Crampton  and  Lutz).  Potaro  Landing;  August  18;  (Lutz). 
Saveritik  near  the  Ireng  River;  open  spaces  in  an  Indian  village; 
August  5;  (Crampton).  This  species  has  been  previously  reported  from 
Brazil  and  Uruguay. 

Trigona  williana  Friese 

British  Guiana. — Rockstone;  July  9;  (Crampton).  Kaieteur; 
forest;  August  12;  they  chew  up  human  excrement  and  deftly  pat  it  into 
balls  on  their  hind  legs;   (Lutz).    Saveritik;  August  5;   (Crampton). 

Brazil. — Open  savannah  west  of  Cotinga  River;  August  17; 
(Crampton). 

I  now  find  that  I  was  in  eiTor  in  separating  T.  rhodoptera  (1912, 
Psyche,  XIX,  p.  49)  from  T.  williana  Friese  (1900,  Term^  Fuzetek, 
XXIII,  p.  388).  I  have  since  seen  authentic  williana  in  the  U.  S.  Nat. 
Museum  and  have  compared  it  with  my  type  of  T.  rhodoptera,  which 
I  have  placed  in  the  Museum.  T.  williana  is  known  from  Dutch  Guiana 
and  Brazil;  rhodoptera  has  been  previously  reported  only  from  the  original 
material  collected  bv  Mann  and  Baker  on  the  Rio  Madeira,  Brazil. 
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The  following  table,  based  on  specimens  in  the  U.  S.  Nat.  Museum, 
separates  a  series  of  species  in  which  the  mesothorax  is  all  red. 

1.  Hind  tibiae  with  more  than  the  apical  half  fuscous,  the  base  pallid;   abdomen 

mainly  reddish  fuscous;   specimen  from  Pard,  Brazil. . .  .rhumbleri  Friese. 
Hind  tibiaj  clear  red 2. 

2.  Wings  milky  whitish;  abdomen  narrow;  specimens  from  Bolivia  and  Pard,  Brazil. 

dalkUorreana  Friese. 
Wings  reddish  or  dusky 3, 

3.  Smaller,  anterior  wing  about  6  nmi.;  thorax  wholly  red;  specimen  from  Brazil. 

paUida  (Latreille)  =kohli  Friese. 
Larger,  anterior  wing  about  8.5  mm.;  specimen  from  Brazil. . .  .wiUiana  Friese. 

Specimens  in  the  U.  S.  Nat.  Museum  from  Tarata,  Bolivia,  also 
marked  kohb'  by  Friese,  belong  to  quite  another  species. 

Trigona  heideri  Friese 
British  Guiana. — Potaro  Landing:  August  18:  (Lutz).  Amatuck; 
August  17;  (Lutz).  Chenapowu  Creek;  at  flowering  bushes  along  the 
stream:  July  31;  (Crampton).  This  species  belongs  in  the  subgenus 
Tetragona  and  was  described  by  me  as  T.  manni  from  material  collected 
by  Mann  and  Baker  on  the  Rio  Madeira,  Brazil  (Cockerell,  1912,  Psyche, 
XIX,  p.  48).  I  have  found  by  comparison  with  specimens  determined 
by  Friese  that  T.  manni  is  identical  with  T,  heideri  Friese  (1900,  Term^s 
Ftizetek,  XXIII,  p.  389),  which  was  described  from  Brazil,  Peru,  and 
Colombia,  its  varieties  or  subspecies  extending  its  distribution  to  {moc- 
mryi  Friese)  Dutch  Guiana  and  (occidentalis  Schultz)  Ecuador.  The 
variety  or  species  mocsaryi,  of  which  I  have  seen  authentic  material 
from  Park  (U.  S.  N.  M),  is  easily  distinguished  by  the  red  hind  tibiae, 
lacking  dark  markings.  It  has  the  anterior  wing  about  8  nmi.  long, 
orange  tinted,  with  the  apical  margin  broadly  pale  gray.  The  occiden- 
talis  form  has  the  dorsum  ferruginous  or  yellowish;  I  have  not  seen  it. 

Trigona  pallida  (Latreille) 

British  Guiana. — Rockstone;  July  9;  (Lutz).  Tumatumari; 
July  11;  (Lutz).  Tukeit:  July  16-19;  at  a  snake  carcass  (see  Meli- 
pona  interrupta  oblitescens)  and  called  ''colatakwa*'  by  our  Patamona 
Ackawoi  Indians  (Lutz);  also  flying  to  jam  in  the  camp  tent  (Cramp- 
ton).  Kaieteur;  July  19  to  August  5;  at  the  caracass  of  a  monkey; 
(Lutz). 

These  specimens  agree  with  a  specimen  from  F.  Smithes  collection, 
determined  by  him  as  pallida.  The  insect  in  the  U.  S.  National  Museum 
from  Peru  and  determined  by  Ashmead  as  pallida  is  quite  diflFerent, 
falling  with  or  verA-  near  to  goetici  Friese.     T.  kohli  Friese  is  identical 
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with  T,  pallida  as  understood  by  Smith  and  here  recognized.  T.  pallida 
was  originally  known  from  Frensh  Guiana  and  has  since  been  reported 
from  Brazil;  kohli  was  described  from  French  and  Dutch  Guiana, 
Brazil,  Peru,  and  Colombia;  these  are  the  first  records  from  British 
Guiana.  Specimens  in  the  U.  S.  National  Museum  collected  by  Busck 
in  the  Panama  region  (Tabernilla,  La  Chorrera,  Rio  Trinidad  and 
Alhajuelo)  are  a  Uttle  darker,  with  darker  wings,  than  Brazilian  kohli, 
but  hardly  seem  to  constitute  a  distinct  race. 

Trigona  muBarum  Cockerell  (?  rhumbleri  Friese) 
From  the  forest  east  of  the  Cotinga  River,  Brazil;    barometric 
reading,  4000  feet;  August  10;  (Crampton). 

The  three  workers  in  this  collection  differ  from  typical  musarum 
by  having  the  hind  tibiae  dark  fuscous  except  basally,  and  the  hind  basi- 
tarsi  also  dark,  while  the  middle  basitarsi  are  incUned  to  be  darkened. 
This  brings  it  close  to  T,  rhumbleri  Friese;  but  Friese's  two-line  descrip- 
tion is  hard  to  interpret,  as  he  compares  the  species  with  pallida  and  we 
do  not  know  what  his  ^^ pallida'^  was.  I  saw  authentic  rhumbleri  in  the 
U.  S.  National  Museum,  but  did  not  make  comparisons  with  musarum. 
Should  they  prove  forms  of  one  species,  musarum  will  stand  as  a  sub- 
species. T.  rhumbleri  is  known  from  Brazil,  Peru,  and  Colombia; 
mvsarum  from  Costa  Rica  and  Panama. 

Trigona  cupira  Smith 
There  are  specimens  collected  by  C.  F.  Davis  in  Panama  and  by 
C.  Werckele  at  Pacayas,  C^sta  Rica.  The  species  has  been  previously 
reported  from  Costa  Rica,  Guatemala,  and  Brazil.  In  the  Panama 
region  it  has  also  been  taken  at  Cabinia  (Busck)  and  Porto  Bello  trail 
(A.  H.  Jennings). 

Trigona  rocursa  Smith 
British  (Juiana. — Tumatumari;  taken  by  sweeping  in  a  grass  field, 
July  11;  (Lutz).  Potaro  Landing;  August  18;  (Lutz).  Kangaruma; 
July  13;  (Lutz).  Tukeit;  at  the  carcass  of  a  snake  (see  T.  pallida); 
July  16;  (Lutz).  Kaieteur;  both  in  the  forest  and  on  that  part  of  the 
open  savannah  where  there  was  either  bare  rock  or  very  few  grasses  and 
small,  low  flowers;  July  30  to  August  5;  some  of  those  from  the  forest 
were  at  the  carcass  of  a  dead  monkey  and  others  at  fleshy  flowers  which 
had  fallen  to  the  ground  from  the  high  trees  along  the  river;  (Lutz). 
Saveritik;  at  flowers  in  an  open  clearing  on  the  border  of  the  Ireng 
River;  August  5;   (Crampton). 


Digitized  by 


Google 


1920)  (ockerellj  Neotropical  Meliporiid  Bees  465 

Most  of  the  very  numerous  specimens  came  from  the  Tukeit  dead 
snake  that  seemed  to  be  popular  with  both  genera  of  Meliponidae.  I 
have  one  of  F.  Smith\s  specimens  of  recursa  for  comparison.  The  long 
hair  on  the  mesothorax  and  scutellum  distinguish  it  from  what  I  have 
identified  as  T.  stigma  Smith.  The  species  is  given  as  ^^recurva^^  in 
Dalla  Torre's  catalogue  and  was  previously  known  only  from  Brazil. 

Trigona  amalthea  (OUvier) 

British  Guiana. — Rockstone;  July  9;  (Lutz).  Potaro  Landing; 
August  18;  (Lutz).    Kangaruma;  July  13;  (Lutz). 

This  species  ranges  from  Mexico  to  Ecuador  and  Brazil.  Gaige  had 
taken  it  at  Dunoon,  British  Guiana  (see  Cockerell,  1916,  Occ.  Papers. 
Mus.  Zool.,  University  of  Michigan,  No.  24).  T.  fuscipennis  Friese  is  a 
synonym. 

In  the  U.  S.  National  Museum  is  a  piece  of  bark  of  the  ^'Mulungd 
tree,"  obtained  by  Branner  and  Koebele  in  1883  at  **Bnito,  Prov. 
Pernambuco,"  Brazil.  On  it  are  some  homopterous  insects  {JEthalion 
reiiculatumYh.y  variety,  det.  Heidemann),  exactly  the  color  of  the  bark. 
These  are  attended  by  Trigona  amalthea  and  two  species  of  beetles 
(det.  Barber)  of  the  genus  Conotelus  and  Cryptorhopalum. 

Trigona  ruflcnu  corvina  Cockerell 
Tumatumari,  British  Guiana;  July  U;   (Lutz).    The  typical  form 
is  known  from  Guatemala,  Brazil,  and  Paraguay ;  corvina  was  previously 
recorded  from  Guatemala,  Costa  Rica,  and  Panama. 

Trigona  townsendi  Cockerell 
This  is  not  in  the  collection  sent,  but  I  take  the  opportunity  to 
record  a  series  of  new  localities  for  specimens  in  the  U.  S.  National 
Museum.  Alhajuelo.  ('anal  Zone,  Panama;  March  12;  (Busck). 
Escuintla,  Guatemala;  (F.  Knab).  C'acao,  Trece  Aguas,  Guatemala; 
(Schwarz  and  Barber).   Borneo,  C/Osta  Rica:  July;   (M.  A.  Carriker). 

Trigona  subgrisea,  new  species 
"Worker. — Length  about  5.5  mm.,  anterior  wing  5.5  mm. ;  black,  the  abdomen  and 
legs  faintly  reddish;  mandibles  edentate,  reddened  apically;  head  large  and  broad, 
shining;  face  with  thin  pale  hair,  not  conspicuous;  front  and  vertex  with  ochreous- 
tinted  hair;  extreme  base  of  antennae  fulvous,  but  sc^pe  othen^'ise  black;  flagellum 
black,  obscurely  brown  beneath;  thorax  with  pale  ochreous-tinted  hair,  fulvous  on 
scutellum;  mesothorax  and  scutellum  polished  and  shining;  tegulap  testaceous,  with  a 
large  dark  spot;  wings  hyaline  with  grayish  dusky  tips,  nervures  on  basal  half  bright 
clear  orange-ferruginous;  legs  with  reddish  hair,  but  white  tomentum  on  inner  side 
of  basal  half  of  hind  tibia*;  hind  tibia*  only  moderately  broad,  the  fringing  hairs  pale 
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reddish;  abdomen  shining,  rather  narrow,  the  margins  of  fourth  and  fifth  segments, 
and  sixth  segment,  with  more  or  less  evident  pale  brownish  hair,  the  ventral  surface 
with  white  hair. 

East  of  the  Cotinga  River,  Brazil;  August  10;  (Crampton).  Two 
workers,  one  in  bad  condition. 

In  my  manuscript  table  this  runs  nearest  to  T.  leiccogastra  Ckll., 
from  Ecuador,  but  it  is  easily  separated  by  the  color  of  the  hair  on  thorax. 

«  Trigona  pura,  new  species 

Worker.— Length  about  6  mm.,  anterior  wing  about  6  mm.;  black,  with  yellow 
face-markings,  scutellum  pale  honey-color,  first  abdominal  segment  pale  reddish, 
second  brownish  black,  pallid  at  anterior  lateral  comers;  legs  dark  reddish,  the  an- 
terior femora  pallid  basally,  the  others  more  extensively,  the  tarsi  pale  reddish  api- 
cally.  Head  ordinary,  face  and  front  briUiantly  shining;  mandibles  edentate  (except 
for  the  inner  notch),  the  apical  half  ferruginous;  face  and  front  with  thin  pale  hair, 
vertex  with  fulvous;  face-markings  consi<<ting  of  a  broad  median  band  on  clypeus 
(narrowed  above  and  crenulate  at  sides),  a  little  marginal  spot  on  each  side  of  clypeus, 
broadly  triangular  supraclypeal  mark,  and  rather  narrow  bands  (broadest  below) 
along  inner  orbits  to  the  summits;  scape  long,  yellow  in  front,  behind  pale  red  with  a 
dark  spot  at  apex;  fiagellum  dark  reddish  above,  paler  beneath,  with  a  lighter  spot 
on  each  segment;  mesothorax  and  scutellum  shining;  thorax  above  with  abundant 
fulvous  hair;  upper  border  of  prothorax  with  a  yellow  (tegumentary)  band;  hind 
tibise  not  verj'  broad;  tegulie  pale  testaceous;  wings  clear  hyaline,  distinctly  milky, 
stigma  and  nervures  pale  orange-ferruginous;  abdomen  long  and  narrow,  highly 
polished,  apex  above  with  fuscous  hairs. 

Kaieteur,  British  Guiana;  July  21;  (Oampton).  One  worker. 
Looks  muck  like  T.  cinvipes  (Fabr.),  but  easily  known  by  the  face- 
markings  and  other  characters. 

Trigona  droryana  Friese 

In  the  U.  S.  National  Museum  are  specimens  from  Rio  Janeiro, 
Brazil,  labelled  T.  droryana  Fiiese  and  T.  mosquito  Smith  by  Friese. 
The  droryana  have  the  tegular  testaceous,  and  scape  pale  in  front  to 
apex;  the  mosquito  have  the  tegulae  rufofuscous,  and  the  scape  in  front 
black  apically.  After  close  study,  I  concluded  that  these  were  merely 
forms  of  a  single  species,  very  easily  recognizable  by  the  small  size, 
mesothorax  shining,  axillae  pale,  scutellum  pale-margined,  ant-erior  and 
middle  tibiie  red,  hind  margins  of  abdominal  segments  black. 

The  insect  recognized  as  T.  mosquito  by  Friese  is  widespread,  having 
been  taken  at  Acapulco,  Mexico  (F.  Knab)  and  Cacao,  Trece  Aguas, 
Guatemala  (GoU).  Smith  described  his  T.  mosquito  as  having  the  ab- 
domen entirely  pale,  scutellum  pale,  etc.  It  surely  cannot  be  identical 
with  the  species  so  determined  by  Friese.     WTiether  T.  emerina  Friese 
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is  the  true  T,  mosquito,  as  Marianne  indicates,  I  cannot  say.  It  has  the 
pale  scutellum,  but  the  abdominal  segments  are  dusky-margined. 
Specimens  of  T.  emerina  from  Brazil,  determined  by  Friese,  are  in  the 
U.  S.  National  Museum.  They  are  totally  distinct  from  droryanaj 
and  belong  to  the  group  of  very  small  species,  in  which  emerina  is  known 
by  the  shining  mesothorax  (dull  in  T,  schroUkyi  Fr.)  and  clypeus  dark 
(pale  in  T,  goeldiana  Fr.  and  duckei  Fr.). 

For  the  present,  at  least,  the  species  above  recorded  from  Mexico 
and  Guatemala  must  stand  as  droryana. 

Stations  in  British  Guiana  and  Brazil 

RocKSTONE,  British  Guiana.  On  the  Esequibo  River.  Barometric  reading,  about 
50  feet.  The  meliponids  came  from  an  open,  sandy  flat.  The  vegetation  was  sparse 
and  xerophytic. 

TuMATUMARi,  British  Guiana.  On  the  Potaro  River.  The  specimens  reported 
on  here  oame  from  a  relatively  dry  and  level  area  along  the  river.  The  chief  vegeta- 
tion was  grass,  weeds,  and  low  bushes.    The  surrounding  vegetation  was  forest. 

Potaro  Landing,  British  Guiana.  On  the  Potaro  River  above  Ihimatumari. 
The  collecting  area  was  sandy  country  with  sparse  vegetation  (somewhat  less  xero- 
phytic, however,  than  at  Rockstone)  along  the  river  and  for  about  two  miles  inland. 
It  was  bordered  by  forest. 

Kangaruma,  British  Giuana.  On  the  Potaro  River  about  six  miles  above 
Potaro  Landing.   A  clearing  made  some  time  ago  and  now  rather  grown  up. 

Amatuk,  British  Guiana.  On  the  Potaro  River  above  Kangaruma.  Barometric 
reading,  250  feet.    A  small  recent  clearing  in  the  forest  at  the  river's  edge. 

TuKEiT,  British  Guiana.  In  the  gorge  of  the  Potaro  River  five  miles  below 
Kaieteur  Falls.  Barometric  reading,  about  275  feet.  A  small  clearing  in  the  forest  at 
the  river's  edge  and  along  paths  and  in  open  places  among  the  tall  forest  trees. 

Kaieteur,  British  Guiana.  On  the  Potaro  River  above  the  falls  on  the  plateau. 
Barometric  reading,  about  1325  feet.  There  are  two  types  of  country  here:  (1)  the 
open  savannah  with  low  vegetation,  scattered  trees  and  the  giant,  terrestrial  brome- 
liads;  and  (2)  the  rain-forest.  The  things  recorded  from  the  forest  came  from  the 
relatively  dry  portions,  especially  from  open  glades  near  the  river. 

Chenapowu  Creek,  British  Guiana,  a  small  affluent  of  the  Potaro  River,  about 
30  miles  west  of  Kaieteur.  The  specimens  were  taken  on  bushes  bordering  the  streams, 
where  there  were  no  high  forest  trees. 

Saveritik,  an  Indian  settlement  on  the  Guiana  side  of  the  Ireng  River,  which 
separates  British  Guiana  and  Brazil.  The  specimens  of  T.  recur sa  and  T.  clavipes 
were  taken  on  flowering  plants  and  near  the  village  clearing,  while  T.  wiUiana 
was  taken  in  the  neighboring  forest. 

CoTiNGA  River,  Brazil.  M.  ohlitescens  from  forest  on  the  eastern  divide  of  the 
Cotinga  Valley.  Barometric  reading,  4400  feet.  T.  musarum  was  taken  in  forest 
on  the  higher  eastern  borders  of  the  Cotinga  River  valley.  Barometric  reading 
4000  feet.  T.  subgrisea  and  M.  ohlitescens  were  secured  in  forest  areas  of  a  town  level. 
Barometric  reading,  2500  feet.  T.  williana  was  taken  on  the  open  savannah  a 
little  west  of  the  Cotinga  River.      Barometric  reading,  2500  feet . 
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Kanaireng  River,  Brazil,  a  small  river  running  southward  about  12  miles  west 
of  the  Ireng  River  and  the  Brazilian  border.  The  specimens  were  taken  on  the  open 
savannah.    Barometric  reading,  3450  feet. 

Mt.  Weitipu,  Brazil.  Small  patch  of  forest  in  the  upland  savannahs  at  the 
base  of  Mt.  Weitipu.    Barometric  reading,  4000  feet. 

Pafapalu  Creek,  a  small  branch  of  the  Arabopo  River,  Brazil.  The  speci- 
mens were  taken  in  an  '* island"  of  forest,  surrounded  by  open  savannahs.  Baro- 
metric reading,  4000  feet.  The  bees  were  taken  from  the  nest  in  the  hollow  of  a  dead 
tree,  as  well  as  from  the  natives'  hair  and  on  the  wing.  The  honey  was  acrid,  and 
golden  brown  in  color.  The  "cells"  were  made  of  chocolate-brown  wax,  and  were 
globes  about  one  or  one  and  a  half  inches  in  diameter. 
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Article  XU.— NEW  MAMMALS  FROM  JAMAICA 
.     By  H.  E.  Anthony 
Plate  XXXIII 

As  a  continuation  of  the  policy  of  The  American  Museum  of  Natural 
History  to  carry  on  investigations  of  the  West  Indian  fauna,  an  expedition 
to  Jamaica,  British  West  Indies,  was  undertaken  jointly  by  the  depart- 
ments of  Vertebrate  Palaeontology  and  Manmialogy  late  in  1919.  The 
author  was  in  charge  of  the  work  and  had,  as  an  assistant,  Mr.  Charles 
Falkenbach  of  the  department  of  Vertebrate  Palaeontology.  The  expedi- 
tion was  in  the  field  from  November  18,  1919,  to  March  19,  1920,  and 
secured  large  collections  of  manamals,  both  of  Uving  and  fossil  forms.  The 
preparation  for  study  of  the  fossil  material,  which  is  almost  all  in  a 
hard  breccia,  will  necessarily  take  many  months  and  this  preliminary 
report  is  for  the  purpose  of  recording  such  results  as  are  obvious  from  the 
available  material.  It  is  planned  to  publish  a  detailed  report  of  the  col- 
lections at  the  earliest  possible  moment. 

The  most  striking  finds  of  the  expedition  are  large  hystricomorph 
rodents  of  which  at  least  four  distinct  new  genera  were  found,  very  prob- 
ably belonging  to  two  separate  families.  Two  well  differentiated  species 
of  one  of  these  genera  are  represented  in  the  material,  while  the  other 
genera  appear  to  be  monotypic.  Seemingly  the  most  common  member  of 
the  fossil  fauna  is  the  following  genus. 

Clidomsrs,^  new  genus 

A  large  hystricomorph  characterized  by  a  molar  pattern  made  up  of  subelliptical 
laminffi,  separated  by  cement,  each  lamina  with  the  enamel  completely  encircling  it. 
The  nmnber  of  these  laminse  is  normally  three,  the  nmnber  of  the  cheek-teeth  is 
the  normal  hystricomorph  nmnber,  four,  and  the  teeth  are  rootless. 

Genotype:  Clidomya  osbomi, 

Clidomys  osbomi,^  new  species 

Plate  XXXIII,  Figures  1  to  5;  Text  Figures  1,  2,  and  3 

T3rpe:  No.  17634,  Department  of  Vertebrate  Palaeontology,  from  a  cave  on  the 

Wallin^ord  estate,  Balaclava,  Jamaica,  December  1919;  "collector,  H.E.  Anthony. 

The  type  is  a  fragmentary  mandibular  ramus,  left,  with  all  of  the  molar  series  but 

lacking  the  incisor  and  all  of  the  ascending  portion  of  the  ramus. 


iFrom  cX«/ff  (jcXcta^f),  a  koy  and  uvt,  a  mouse. 

*Far  Professor  Henry  Fairfield  Ojbom,  President  of  The  American  Museum  of  Natural  History, 
whose  support  and  interest  in  the  West  Indian  work  has  stimulated  museum  activity  there. 
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Fi«.  1 

A .  External  view  of  left  mandible  of  Clidomya  oabomi. 

B.  Crown  view  of  mandibular  molar  seriea  of  Clidomya  oabomi. 

C.  Crown  view  of  mandibular  molar  series  of  Elaamodontomya  obliquua. 

D.  Crown  view  of  last  two  mandibular  molars  of  Amllyrkusa  inundata. 

All  figures  natural  size. 
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Description. — Mandible  robust  and  strong,  with  great  transverse  thickness; 
muscle  insertion  areas  apparently  well  developed;  toothrow  of  good  length,  the  molars 
subequal  in  size  and  slightly  larger  than  the  premolar;  each  tooth  made  up  of  three 
laminae  cemented  together,  each  lamina  completely  encircled  by  enamel  to  form  a 
simple  subelliptical  pattern  in  the  crown;  the  anterior  ellipsoid  of  mi,  mo,  and  mz 
with  the  posterior  loop  of  enamel  concaye  instead  of  convex;  the  lamina;  set  in  the 
toothrow  with  a  slight  obliquity  to  the  long  axis  of  the  row;  amount  of  cement  in  the 
crown  pattern  about  30  per  cent  of  the  dentine;  teeth  rootless  but  projecting  only 
moderately  above  alveoli  and  not  decidedly  hypsodont. 

Measurements. — Crown  length  of  toothrow,  46.2  mm.;  dimensions  of  pm.,  9.8 X 
7;  mi,  11.1X9.5;  mj,  11.4X9.1;  m^,  12.2  X8.8;  dimensions  of  laminsD  of  mj,  in 
antero-posterior  order,' 8.9X2.4;  9.1X2.6;  8.5X2.7. 

Clidomijs  is  unique  among  West  Indian  hystricoinorphs  (1)  in  the 
complete  and  unreduced  encircling  enamel  of  each  lamina  and  (2)  in  the 
extensive  amount  of  cement  between  the  lamina.  It  doubtless  represents 
the  more  primitive  stage  through  which  has  parsed  Elasmodontamys  and 
Amhlyrhiza,  since  in  these  forms  the  enamel  has  almost  disappeared 
along  the  anterior  face  of  each  lamina  (lower  molars)  and  the  cement  has 


m   # 


A/1iOil763? 

AMN.H.I7634d 

C 

D 

A.MKR|7634d 
.4 

'Af1.NM  17637 
/; 

B.C. 

Fi«.2. 
Lower  molar  of  Clidomya  o$bomi. 
Lower  molar  of  Clidomys  partw. 
All  fkgarta  natural  sise. 

been  reduced  to  a  very  thin  sheet.  In  this  respect  it  more  nearly  re- 
sembles Megamys  and  TetrastyluSj  which  the  figures  of  Ameghino  show 
to  have  a  greater  number  of  laminae  than  has  Clidomys.  With  the 
rodents  of  the  Santa  Cruz  beds  the  Jamaican  genus  has  little  in  com- 
man.  Clidmnys  is  also  more  primitive  than  EkisniodorUomys  in  the  pro- 
portionally shorter  length  of  the  molars  and  the  more  normal,  less 
oblique,  relation  of  the  laminae  to  the  axis  of  the  toothrow.  Clidomys 
differs  strikingly  from  all  living  hystricoinorphs,  the  closest  similarity 
among  the  mainland  fonn.^  being  seen  in  the  genera  Lagostomus  and 
Chinchilla^  but  these  rodents  show  little  of  the  extreme  differentiation 
of  the  molars  into  heavy  enamel  and  wide  areas  of  cement. 

^Thc  second  measurement  is  the  averftge  breadth  or  thickness  of  the  lamina. 
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With  considerable  skeletal  material  of  Clidomys  on  hand,  needing 
only  time  in  the  laboratory  to  make  it  available,  it  would  be  premature  to 
indulge  in  conjecture,  in  this  paper,  as  to  the  relationships  of  this  new 
genus.  It  is  significant,  however,  that  the  dentition  shows  Clidomys  to 
be  only  remotely  related  to  the  other  large  hystricomorphs  of  the  West 
Indies,  and  thus  casts  much  doubt  upon  the  tertiary  connection  of 
Jamaica  with  any  other  of  the  Greater  Antilles.  It  is  hoped  that  a  better 
understanding  of  the  relationships  of  Clidomys  will  yield  important  evid- 
dence  as  to  the  geological  history  of  Jamaica  and  this  idea  has  bfeen  in- 
corporated in  the  name  of  the  genus. 

Among  a  nmnber  of  molar  teeth  which  have  no  definite  known 
associations,  other  than  being  found  in  the  same  cave,  are  several 
which  are  decidedly  smaller  than  the  rest  and  evidently  represent  a 
different  species. 

ClidomjrB  parvus,  new  species 
Plate  XXXIII,  Figures  6  and  7;  Text  Figure  2 

Tjrpe:  No.  17637,  Department  of  Vertebrate  Paleontology,  from  a  cave  on  the 
Wallin^ord  estate,  Balaclava,  Jamaica,  December  1919;  collector  H.  E.  Anthony. 
The  type  is  a  single  tooth,  presumably  the  premolar  from  the  left  mandibular  ramus. 

Description. — ^Proportionally  rather  long  and  slender,  slightly  curved,  with 
essential  elements  of  the  crown  pattern  typical  of  the  genus,  but  with  a  marked  differ- 
ence in  the  sizes  of  the  laminae,  the  anterior  lamina  being  not  more  than  half  as  ex- 
tensive as  either  the  second  or  third. 

Measurements  (figures  in  parenthesis  are  of  osbomi). — Greatest  length  of  tooth, 
19.8  mm.  (23) »;  dunensions  of  crown,  6.1  X4.4  (9.8 X 7). « 

The  figures  will  show,  better  than  the  measurements,  the  very  ap- 
parent differences  in  proportion  between  osbomi  and  parvus.  The  tooth 
of  parvus,  although  nearly  as  long  as  that  of  osbomi,  has  a  cross-section 
equal  to  only  40  per  cent  of  the  latter.  Such  a  difference  can  not  be  attrib- 
uted to  age,  although  this  group  of  rodents,  to  judge  by  the  material  at 
hand,  seems  to  manifest  the  same  dental  traits  as  are  found  in  Capromys, 
Proechimys  and  numerous  other  rodents,  namely  the  very  early  appear- 
ance of  the  full  molar  series  and  a  progressive  increase  in  the  cross-section 
of  the  molars  with  age. 

There  are  several  other  teeth,  doubtless  of  this  species,  but  rather 
fragmentary  in  nature.  They  confirm  the  characters  shown  by  the  pre- 
molar and  there  is  a  large  gap  between  any  of  these  and  the  smallest  of 
those  of  oshorni. 

»Thifl  measurement  is  of  No.  17634d,  which  is  obviously  not  a  premolar,  but  as  the  entire  molar 
series  appear  to  be  approximately  the  same  length,  the  measurement  will  serve  to  show  the  propor- 
tional difference. 

'Measurements  taken  from  the  premolar  of  the  type  of  osbomi. 
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Numerous  isolated  teeth  were  found  in  the  Wallingford  formation 
and  it  is  hoped  that  jaws  with  teeth  in  position  may  yet  be  discovered 
in  the  breccia.  However,  characters  of  definite  diagnostic  value  appear 
in  these  single  teeth  and  it  is  upon  this  material  that  the  following  three 
genera  are  based. 

SpirodontomjrB^  Jamaicensis,  new  genus  and  species 
Plate  XXXIII,  Figures  8  to  10;  Text  Figure,  3 

Type:  No.  17635,  Department  of  Vertebrate  Palaeontology,  from  a  cave  on  the 
Wallingford  estate.  Balaclava,  Jamaica,  December  1919;  collector,  H.  E.  Anthony. 
The  type  is  a  single  tooth,  one  of  the  upper  molar  series — ^which  one  of  the  series  is  not 
very  clear,  but  the  choice  probably  lies  between  pm*  and  m''. 

Description. — LaminsD  completely  encircled  by  enamel;  first  two  lamina 
ellipsoid  and  resembling  those  of  Clidomys;  posterior  half  of  crown  pattern  made  by  a 
horseshoe-shaped  fold,  completely  outlined  in  enamel,  so  that  the  tooth  has  two  deep 
longitudinal  channels  on  one  side  and  three  on  the  other. 

Measurements. — Greatest  length  of  tooth,  17  nmi.;  dimensions  of  crown,  10.4 
X6.2. 

Two  other  teeth  are  referred  to  this  form  and  are  worthy  of  comment. 
One  of  them,  No.  17635c,  is  apparently  an  upper  tooth  and  with  the  pos- 
terior fold  only  partly  closed  so  that  the  arm  of  the  horseshoe  points 
in  the  long  axis  of  the  crown  instead  of  across  it.  No.  17635a  is  a  lower 
tooth  and  here  the  horseshoe  has  assumed  almost  a  spiral  shape. 

The  material  on  hand  quite  definitely  shows  that  Clidomys  does  not 
have  teeth  in  either  jaw  with  a  crown  pattern  in  which  the  elements 
deviate  from  the  simple  ellipsoid  type  and  consequently  a  distinction  of 
this  sort  appears  to  call  for  a  generic  separation  although  the  relationship 
to  Clidomys  is  an  apparent  one. 

SpeozenuB^  cundalli,'  new  genus  and  species 
Plate  XXXIII,  Figure  12;  Text  Figure  3 

Type:  No.  17636,  Department  of  Vertebrate  Pateontology,  from  a  cave  on  the 
Wallin^ord  estate,  Balaclava,  Jamaica,  December  1919;  collector,  H.  E.  Anthony. 
The  type  is  an  upper  molar,  possibly  m^,  from  the  right  side. 

Description. — Proportionally  rather  longer  and  more  slender  than  the  corre- 
sponding tooth  of  Clidomys  oshomiy  with  the  two  anterior  laminsB  typical  ellipsoid 
and  the  posterior  part  of  the  crown  pattern  composed  of  two  enamel  enclosed  lakes; 
two  external  and  three  internal  longitudinal  channels  present. 

Measutements. — Greatest  length  of  tooth.  23.7  mm.;  dimensions  of  crown,  9.6 
X6.3. 


*From  wttfiOt  a  coil;  dSdjy  diovt),  a  tooth;  and  mm*  ^  mouse. 
'From  arkost  a  cave;  Bti^oft,  a  guest. 

•For  Mr.  Frank  Cundall,  Librarian  of  the  Institute  of  Jamaica,  who  gave  assistance  of  great 
value  to  the  expedition. 
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Speoxenus  appears  to  be  a  genus  in  which  the  development  of  the 
posterior  part  of  the  molar  is  at  a  stage  quite  different  from  that  either 
of  Clidamys  or  Spirodontomys.  Another  upper  tooth,  suspected  of  be- 
longing to  this  genus,  has  three  ellipsoid  laminae  noticeably  different  from 
those  of  Clidomys  in  their  degree  of  obliquity  to  the  toothrow.  Both  of 
these  teeth  are  more  decidedly  hypsodont  than  the  teeth  of  either  Cli- 
datnys  osborni  or  Spirodontomys  and  resemble  Clidomys  parvtis  in  this 
respect. 
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Fig.  3 
A^B.     Upper  molan  of  Clidomy*  osborni  (ou?) . 

C,  F,  G.     Upper  molar  of  Speoxentu  cundaUi. 

D,  H,  I.     Upper  molar  of  Spiro<hntomy9}amaicen»iti. 

E,  I^ower  molar  of  8piTodonU)my»  jamaicenttiB. 

All  figures  natural  sise. 

If,  at  this  stage  in  the  work  upon  the  Jamaican  material,  one  may  be 
allowed  to  venture  a  guess  as  to  the  interrelationships  of  this  group  of 
forms — Clidomys  with  two  species,  Spirodordotnys^  and  Speoxenus — the 
tendency  would  be  to  consider  them  all  as  derivatives  of  a  single  species 
which  had  Iwen  subjected  to  the  influences  of  a  long  insular  isolation. 

Altarodon^  xnajor,  new  genus  and  species 
Plate  XXXIII,  Figure  11;   Text  Figure  4 
Type:  No.  17638,  Department  of  Vertebrate  Palaeontology,  from  a  cave  in  the 
Wallingford  estate,  Balaclava,  Jamaica,  December  1919;  collector,  H.  E.  Anthony. 
The  type  is  a  single  tooth  of  the  molar  series  but  its  position  can  not  be  placed  with 
certainty. 


'From  aXriypfi,  dumb-bells;  and  dicoy  (6&ovt),  a  tcx»th. 
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Description. — A  short,  rootless  molar,  with  a  simple  crown  pattern  made  up  of 
two  subequal  parts,  separated  by  a  narrow  waist,  resembling  somewhat  the  figure  8 
or  the  longitudinal  cross-section  of  a  dumb-bell.  The  enamel  is  continuous  about  the 
periphery  of  the  crown  and  does  not  cross  through  it  at  any  point. 

Measurements. — Greatest  length  of  tooth,  14.7  mm.;  dimensions  of  crown, 
6.3X5. 

This  genus  is  very  obviously  quite  remote  in  relationships  from  any 
other  of  the  Jamaican  complex  and,  no  doubt,  is  a  member  of  a  different 
family.    It  bears  rather  a  significant  resemblance  to  the  teeth  of  Platce- 


A      A.M.  N.K  17638 

3     A.M.N.H.I7638 

Fig.  4 
Molar  of  AlUrodon  major 
A.    Crown  view;  B.    Lateral  view. 
Figiiree  natural  siae. 

omySy  figured  by  Rovereto  in  the  Anales  Museo  Nacional  Hist.  Nat. 
Buenos  Aires,  XXV,  page  63,  and  an  even  more  striking  similarity  to  the 
recent  genera  Ododon  (lower  molars)  and  Abrocoma  (upper  molars). 
There  can  be  no  mistaking  the  distinctness  of  this  form  from  any  known 
genus  and,  for  this  reason,  it  has  been  described  on  the  basis  of  what  might 
at  first  glance  seem  rather  inadequate  material. 
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Plate  XXXIII 
All  figures  natural  size 
Fig.    1 .    External  view  of  tjrpe  mandible,  left,  of  Clidomys  osbamu 
Fig.    2.    Crown  view,  same  mandible. 
Figs.  3,  4.    Upper  molars  (last  ?)  of  Clidomys  osbomi. 
Fig.    5.    Lower  molar  of  Clidomys  osbomi. 
Fig.    6.    Upper  molar  of  Clidomys  parvus. 
Fig.    7.    Lower  molar  (type)  of  Clidomys  parvus. 
Fig.    8.    Jjower  mohr  oi  Spirodontomys  jamaicensis. 
Figs.  9,  10.    Upper  molars  (No.  10,  type)  of  SpirodorUomys  jamaicensis. 
Fig.  11.    Molar  (type)  of  AUerodon  major. 
Fig.  12.    Upper  molar  (type)  of  Speoxenus  cundaUi. 
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Articlo  Xm.— A  KEY  TO  THE  SPECJIES  OF  TRACHURUS 
By  John  Treadwell  Nichols 

Trachurus  is  one  of  the  most  sharply  marked  genera  of  Caranz-hke 
fishes.  The  species  which  comprise  it,  on  the  other  hand,  are  closely 
related  and  difficult  to  differentiate. 

Cuvier  and  Valenciennes  (1833)'  recognize  but  a  single,  wide- 
ranging  species,  more  or  less  variable  geographically.  Liitken  (1880)^ 
differentiates  four  species:  (1)  a  North-European,  (2)  South-European, 
(3)  one  occurring  at  the  islands  of  the  eastern  Atlantic  and  also  on  the 
western  coast  of  South  America,  and  (4)  one  in  (Chinese  and  Australian 
waters.  Jordan  and  Evermann  (1896)'  synonymize  the  Californian  form 
with  Lutken's  third.  Later  American  writers,  in  using  the  name  Tra- 
churus symnietricus  Ayres,  with  type  locality  San  Francisco,  for  the  Cali- 
fornian fish,  as  also  for  the  one  from  the  western  coast  of  South  America, 
imply  that  these  are  identical  and  differ  from  the  one  with  which  Liitken 
placed  them.  In  an  Australian  Fisheries  report  (1915),*  two  species 
from  thase  watei*s  are  figured  as  declivis  and  notfce-zelandice^  differing  from 
the  Japanese  japonicu^.  The  above  gives  seven  current  species.  There 
is  also  reference  of  TnichuruH  from  the  Cape  of  Cood  Hope,  said  to  resem- 
ble the  North-European  fish,  curve  of  lateral  line  less  abrupt,  scutes  65 
to  75.  Whereas  recent  authors  do  not  recognize  this  form  as  distinct,  it 
should  be  so,  geographically,  and  has  been  described  as  capensia. 

Six  species  of  Trachurwf  are  represented  in  the  collections  of  The 
American  Museum  of  Natural  History.  We  have  two  from  Naples. 
One  of  these  is  Liitken 's  South-European  species,  which  he  refers  to 
mediterraneuH  Steind.  The  other  resembles  his  North-European  species, 
but  is  more  slendei*.  (^alifornian  material  is  referable  to  symmetricus, 
and  Japanese  to  japonicius.  Material  from  Peru  has  been  recently  re- 
ceived; as  also  grown  material  from  the  Atlantic  United  States,  which  is 
rare. 

In  differentiating  the  species  of  this  genus,  Liitken  does  not  make 
use  of  depth  of  body  as  a  criterion,  perhaps  because  he  found  it  subject 
to  such  great  age-variation  in  other  carangin  genera.  It  seems  here^ 
however,  to  be  a  reliable  character  and  one  of  the  most  convenient,  and, 

'Cuvier  and  Valenciennes.  1833.  Hist.  Nat.  Poise.,  IX,  pp.  11-28. 

'LQtken,  C.  1880.    Spolia  Atlantica,  Dansk.  Vid.  Selsk.  Sk.,  (5)  XII,  pp.  533-534. 

'Jordan  and  Evermann.  1896,  Bull.  U.  S.  Nat.  Mua..  No.  47,  part  1.  p.  910. 

^McCuUoch.  A.  R.,  1915.  Report  on  some  Fishes.,  etc.,  Australia,  Fisheries,  III,  PI.  xxxiv. 
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although  Liitken's  characters  may  give  a  more  reliable  idea  of  the  inter- 
relation of  the  species,  depth  is  used  in  this  paper,  as  by  Jordan  and 
Evermann,  in  separating  them. 

Liitken  records  his  North-European  fish,  which  he  calls  linnoei, 
from  the  Mediterranean  also,  enabUng  Jordan  and  Evermann  to  retain 
Trachurm  trachurus,  with  type  locaUty  the  Mediterranean,  for  that 
species.  In  all  probability  it  was  the  similar,  slenderer  form  which 
Linnaeus  had  from  the  Mediterranean.  This  should,  then,  stand  as 
trachuruHj  and  the  northern  one  become  semispinosus.  One  of  the 
current  species  is  thus  divided.  Furthermore,  on  examination  of  three 
American  fish  from  Orient,  Long  Island,  recently  submitted  by  Mr.  Roy 
Latham  (92,  95  and  125  mm.  to  base  of  caudal;  taken  August  28, 
September  19  and  November  1,  1919),  it  is  found  that  their  accessory 
lateral  fine  stops  under  the  front  of  soft  dorsal  instead  of  continuing 
farther  back,  as  emphasized  by  Liitken  for  the  North-European  form, 
with  which  they  otherwise  agree.  Trachurus  Inthami  is,  therefore, 
proposed  for  this  American  form. 

Lacking  material  from  the  western  coast  of  South  America,  the 
figure  of  a  fish  from  there  (Evermann  and  RadcliflFe,  1917,  U.  S.  Nat.  Mus., 
Bull.  No.  95,  PI.  v)  was  studied.  This  was  at  once  seen  to  differ  from 
CaUfornian  Hymmetricus,  in  which  the  anterior  scutes  are  very  narrow. 
Furthermore,  it  was  difficult  to  find  characters  to  differentiate  it  from 
Lutken's  description  of  his  third  species,  which  he  calls  cuvieri  and  which, 
following  Jordan  and  Evermann,  is  here  synonymized  with  picturatus. 
This  leaves  picturatus  with  an  anomalous  range.  Examination  of  two 
specimens  of  picturatus  from  Fayal,  kindly  loaned  by  the  Museum  of 
Comparative  Zoology,  Cambridge,  led  to  the  conclusion  that  the  Peru- 
vian fish  was  less  slender,  with  perhaps  other  slight  differences,  a  con- 
clusion since  confirmed  bj'^  two  specimens  brought  from  Peru  by  Mr. 
Murphy,  one  of  which  is  made  the  type  of  murphyi,  here  proposed. 

We  are,  again,  without  material  of  the  two  species  figured  from 
Austraha  (1915);  the  deeper  of  these  identified  with  decliviSj  the  more 
slender  called  not^ce-zelandiw,  reviving  an  old  name  credited  to  Hutton. 
Comparison  with  the  excellent  type  figure  of  declivis,  however,  shows  that 
it  is  novW'ZelandiWy  which  should  have  been  referred  to  it.  The  deeper  is 
the  one  left  without  a  name,  and  for  which  the  name  Trachurus  mccul' 
lochi  is  here  proposed.    It  is  close  to,  possibly  identical  with,  japonicus. 

The  following  list  epitomizes  the  writer's  views  on  the  synonymy  of 
the  eleven  species^  of  Trachurus ^  now  recognized. 

*The  material  at  hand  is  insufficient  to  determine  whether  they  should  all  stand  as  full  species 
or  some  or  all  be  reduced  to  subspecies. 
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Tiachurui  semiBpinofUs  (Nilsson) 
Caranx  semispinosus  Nilsson,  1832,  Prodr.  Ichthyol.  Scand.,  p.  84.  Scandinavia. 
Ran^e. — Abundant  on  the  coasts  of  northern  Europe. 

Tiachunii  trachuruB  (Linnseus) 
Scomber  trachurus  Linn^us,  1758,  Syst.  Nat.,  10th  Ed.,  p.  298.    Mediterranean. 
Range. — Mediterranean. 

Trachunu  lathami,  new  species 

Trachurus  trachurus  Jordan  and  Evbrmann,  1896,  BuU.  U.  S.  Nat.  Mus.,  No. 
47,  part  ly  p.  910;  1900,  ioc.  ci7.,  part  4,  fig.  384.    Rhode  Island. 

Accessory  lateral  line  ending  under  front  of  soft  dorsal.  Depth  to  base  of  caudal 
3.65;  arc  of  curve  of  lateral  line  1%  in  strai^t  part.  Scutes  about  75.  Scutes  about 
six  times  as  high  as  broad  in  the  center  of  the  straight  part  of  lateral  line.  Dorsal 
soft  rays  25  to  30.    Anal  soft  rays  24  to  26. 

Type. — No.  7351,  The  American  Museum  of  Natural  History;  95  nun.  to  base 
caudal;  Orient,  Long  Island;  Roy  Latham;  September  19, 1919. 

Range. — Atlantic  coast  of  America.  Rare.  Young  numerous  in 
the  Gulf  Stream,  off  the  Florida  Keys  (February  23,  1910). 

Trachunu  capeniii  Castelnau 
Trachurus  capensis  Castblnau,  1861,  M^moire  sur  les  poissons  de  TAfrique 
australe,  p.  43. 

Range. — Cape*  Region  of  Africa.    Abundant. 

Trachurut  japonicus  (Tenmiinck  and  Schlegel) 

Caranx  trachurus  japonicus  Temminck  and  Sohleoel,  1844,  Pisces,  in  Fauna 
Japonica,  p.  109,  PI.  lix,  fig.  1. 

Range. — Japanese  and  adjacent  seas. 

Trachurus  mccullochi,  new  name 

Trachurus  declivis  McCijlloch,  1915,  Report  on  some  Fishes,  etc.,  Australia, 
Fisheries,  III,  p.  125,  PI.  xxxiv.    South  Australia. 

Range. — Australian  seas. 

Trachunu  meditarranaus  (Steindachner) 

Caranx  trachurus  var.  medilerranea  Steindachner,  1868,  Sitab.  Akad.  Wiss. 
Wien,  LVII,  part  1,  p.  383.    Mediterranean. 

Range. — Mediterranean,  occasional  in  the  Atlantic. 

Trachunu  murphyi,  new  species 

Trachurus  symmetricus  Evermann  and  Radclipfe,  1917,  Bull.  U.  S.  Nat.  Mus., 
No.  95,  p.  59,  PI.  V.    Peru. 

Accessory  lateral  line  ending  under  front  of  soft  dorsal.  Depth  to  base  of  caudal 
3.87  to  4.48.    Arc  of  jcurve  of  lateral  line  1 .0  to  1 .1  in  straight  part.    Scutes  94  to  101 
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(usually  about  95) .  Scutes  about  seven  times  as  high  as  broad  in  the  center  of  straight 
part  of  lateral  line.  The  anterior  scutes  from  %  as  high  to  as  high  as  the  posterior. 
Dorsal  soft  rays  32  to  33.    Anal  soft  rays  27  to  29. 

Type. — No.  7259,  The  American  Museum  of  Natural  History:  Central  Island  of 
the  Chinchas,  Peru;  R.  C.  Murphy;  October  27,  1919. 

Range. — Wentern  coast  of  South  America. 

Trachurus  decliTis  (Jenyns) 

Caranx  declivis  JE^fYN8.  1842,  Zoology  of  the  'Beagle,'  Fishes,  p.  68,  PI.  ictv. 
Australia. 

Trachurus  lumr-zeUmdUE  Button.  McCuLiiOCH,  1915,  Report  on  Some  Fishes, 
etc.,  Australia,  Fisheries,  III,  p.  123,  PL  xxxiv. 

Range. — Australian  seas. 

Trachunu  pictur&tus  (Bowdich) 
Seriola  piclurata  Bowdich,  1825,  Excursion  to  Madeira,  p.  123,  fig.  27.    Madeira. 
Range. — Islands  of  the  eastern  Atlantic;  coast  of  southwest  Europe 
(Ltitken). 

Trachurui  symmotricus  (Ayres) 

Caranx  Myntnietricus  Ayres,  1855,  Proc.  Cal.  Ac.  Nat.  Sci.,  I,  p.  62.  San  Fran- 
cisco. 

Range. — Off  the  southwest  coast  of  North  America,  north  to  San 
Francisco. 

KEY 

1.  Body  comparatively  deep  and  compressed,  the  depth  3^  to  4%  in  length  to 

base  of  caudal 2. 

Body  elongate,  little  compressed,  the  depth  4%  or  nK>re  in  length 7. 

2.  Scutes  70  or  80  (68  to  92)  in  number 3. 

Scutes  94  to  101  in  number murphyi, 

3.  Chord  of  curve  of  lateral  line  ijs  to  1%  in  straight  part 4. 

Chord  of  curve  of  lateral  line  1.2  in  straight  part;  depth  4.1;  upper  accessory 

lateral  line  to  front  of  soft  dorsal  only;  scutes  79  to  92;  height  4  or  5  times 
their  length;  dorsal  with  about  28,  anal  about  26  soft  rays . . .  .Tnediterraneus. 

4 .  Dept  h  about  3.6  or  3.7 ;  scutes  al)out  75  to  77,  about  6  or  7  times  as  high  as  long 

in  center  of  straight  part  of  lateral  line;  dorsal  with  25  to  3dt  anal  24  to  28 

soft  rays' 5. 

Depth  3.8  to  4.2;  upper,  accessory,  lateral  line  to  front  of  soft  dorsal  only  (not 
described  in  mccuUochi);  height  of  scutes  4  or  5  times  their  length;  dorsal 
with  30  to  34  soft  rays,  anal  with  26  to  31 6. 

5.  Accessorj'  lateral  line  continuous  under  soft  dorsal semispinosus. 

Accessor^'  lateral  line  to  under  front  of  soft  dorsal  only IcUhami. 

^Capensis  probably  comes  here.     Flexure  of  lateral  line  less  abrupt;   scutes  66  to  76. 
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6.  Bend  in  lateral  line  abrupt,  scutes  68  to  75 ruccuUochi. 

Bend  in  lateral  line  not  particularly  abrupt,  scutes  72  to  80 japonicus. 

7.  Chord  of  curve  of  lateral  line  1%  in  straight  part;    upper,  accessory,  lateral  line 

continuous  under  soft  dorsal;    height  of  central-posterior  scutes  6  or  7 
times  their  length;  depth  about  4.7;  scutes  about  75;   dorsal  with  about 

29,  anal  about  28  soft  rays trachums. 

Chord  of  curve  of  lateral  line  scarcely  if  at  all  shorter  than  straight  part;  upper, 
accessory,  lateral  line  to  front  of  soft  dorsal  only  (not  described  for  declivis) .  8. 

8.  Scutes  81  or  82  (74  to  85);  anterior  and  posterior  portions  of  lateral  line  hori- 

zontal, connected  by  a  short  oblique  portion;  depth  about  4.5;  dorsal  with 
30  to  35,  anal  28  to  30  soft  rays;  height  central-posterior  scutes  6  or  7  times 

their  length declivis. 

Scutes  96  or  99  (90  to  108);  depth  4.5  to  4.7;  dorsal  with  31  to  33,  anal  27  to 
29  soft  rays 9 

9.  Anterior  scutes  %  as  high  to  as  high  as  posterior,  the  height  of  which  (centrally) 

is  5  to  7  times  their  length 10. 

Anterior  scutes  narrow,  %  or  less  as  high  as  posterior,  the  height  of  which 
(centrally)  is  4  or  5  times  their  length synimeiricus. 

10.    Slender.   Depth  4.5  or  more pichtraius 

Lees  slender.    Depth  less  than  4.5 murphyi 
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Articlo  XIV.— REPORT  ON  THE  LEPIDOPTERA  OF  THE 
AMERICAN  MUSEUM  EXPEDITION  TO  ARIZONA,  1916 

GEOMETRIDiE  AND  EPIPLEMTDiE^ 

By  Wm.  S.  Wright 

The  material  reported  on  here  was  collected  by  Dr.  Frank  E.  Lutz 
in  1916,  as  a  part  of  the  entomological  survey  of  Western  United  StSates 
that  is  being  conducted  by  the  Department  of  Invertebrate  Zoology  of 
The  American  Museum  of  Natural  History.  Dr.  Lutz  was  accompanied 
by  Mr.  J.  A.  C.  Rehn  of  the  Philadelphia  Academy  of  Natural  Sciences, 
and  a  part  of  the  material  is  deposited  in  that  institution. 

Most  of  the  specimens  were  taken  at  night  on  or  in  a  cheese-cloth 
tent  that  was  illuminated  by  two  gasolene  lanterns.  The  collecting 
stations  are  all  in  Pima  County,  their  location  is  approximately  as 
follows: 

Latitude 
Bear  Wallow,  Satanta  Catalina  Moun- 

tAins.  32**  25.3'  N.  110°  44'  W 

Bear    Wallow    Trail,    Santa    Catalina 

Mountains.  32°  22'  N 

Sabino  Basin,  Santa  Catalina  Moun- 
tains. 32°  22'  N 
Mud  Springs,  Pine  Canyon,  Santa  Cata- 
lina Mountains.  32°  23.3'  N.  110°  45'  W. 
Lowell  Ranger  Station,  Santa  Catalina 

Mountains.  .  32°  18.5'  N.  110°  49'  W. 

Kits  Peak  Rincon,  Baboquivari  Moun- 
tains. 31°  57'  N. 
North   Side   Kits    Peak,    Baboquivari 

32°  0'  N.  111°  36'  W.  About  3600  feet 
31°  58'  N.  111°  29'  W.  About  3500  feet 
32*  2^  N.        1 1 1°  45'  W.      About  3425  feet 


Longitude  Altitude 

About  8000  feet 
110°  46.5'  W.  About  3800  feet 
110°  46.5'  W.  About  3800  feet 
About  6500  feet 
About  2700  feet 
111°  33'  W.      About  4050  feet 


Mountains. 

Coyote  Moimtains. 

Comobabi  Mountains. 

Santa  Cruz  Village,  Comobabi  Moun- 
tains. 

Palo  Alto  Ranch,  Altar  Valley. 

Robles  Ranch,  Altar  Valley. 

Black  Dike  Prospect,  Sierritas. 

Lincoln  Mine,  Sierritas. 

San  Xavier  Mission,  near  Tucson. 


32°  1'  N.        111°  54'  W.      About  3100  feet 


32°  5'  N. 
31°  56'  X. 


111°  18'  W. 
111°  16'  W. 


About  3750  feet 


^The  following  new  names  are  proposed  in  this  paper: 
Hydriomena  darki,  new  species. 
Eurhlcpna  ItiUi,  new  species. 
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This  collection  seems  to  me  rather  remarkable  in  that,  the  species 
obtained  from  the  above  localities  are  chiefly  those  characteristic  of  the 
dry,  mountainous  regions  of  the  southwestern  United  States.  The 
approach  to  what  I  have  considered  as  distinctively  Mexican  forms  is 
conspicuously  absent,  although  much  of  the  material  came  from  near  the 
Mexican  border.  In  only  one  species,  Hydriomena  clarkiy  does  a  distinc- 
tively Mexican  group  seem  to  be  represented,  and  even  this  is  closely 
allied  to  one  of  the  groups  in  our  own  fauna. 

In  most  cases  the  amount  of  material  taken  has  been  ample  for 
pmrposes  of  identification  and,  for  the  most  part,  it  is  in  very  good 
condition. 

I  wish  to  acknowledge  the  helpfulness  of  Mr.  F.  E.  Watson,  and  to 
Dr.  Lutz  I  extend  my  heartiest  thanks  for  courtesies  offered. 

OKOMSTBIDil 

Nemoria  pistaeiaria  Packard. 

One  specimen,  Mud  Springs,  July  17-20. 
Nemoria  junctoliHearia  Grsef . 

One  specimen,  Bear  Wallow,  July  13. 
Nemoria  festaria  Hulst. 

One  specimen,  Sabino  Basin,  July  8-12. 
Synchlora  liquoraria  Guen^. 

One  specimen.  Kits  Peak  Rincon,  July  31-August  3. 
Dichorda  phoBnix  Prout. 

Two  specimens.  Kits  Peak  Rincon,  August  1-4. 
Mesothea  viridipemiata  Hulst. 

Three*  specimens,  Sabino  Basin,  August  15-21. 
GhlorocUamys  masonaria  Schaus. 

Two  specimens,  Sabino  Basin,  August  15-21. 
Dasycosymbia  graeilata  Grossbeck. 

Three  specimens,  Coyote  Mountains,  August  3-7. 
Pigia  multilineata  Hulst. 

Twenty-eight  specimens:   2,  Coyote  Mountains,  August  3-7;    17, 

Sabino  Basin,  6,  Jidy  8-12  and  11,  August  15-21;   6,  Kits  Peak 

Rincon,  July  31-August  4;  3,  Comobabi  Mountains,  August  9-11. 

The  individuals  taken  at  Sabino  Basin,  July  8-12,  are  old  and  worn 
and  probably  represent  an  earlier  generation. 
Djrsttroma  species,  unknown. 

Two  specimens,  Bear  Wallow  Trail,  July  13  and  August  17-19. 

The  July  specimen  was  swept  from  Ceanothics. 
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Hydriomena  darki,  new  species 

Palpi  extending  beyond  the  head  a  distance  equal  to  length  of  head,  porrect  and 
beak-like,  black  at  tips  and  along  sides;  red-brown  mixed  with  black  above  and  lighter 
beneath.  Front  and  occiput  brownish  gray  with  a  ver>'  narrow^  blackish  line  along 
the  middle.  Thorax  brownish  gray  with  a  mixture  of  black  scales.  The  lappets  black 
with  brownish  and  white  scales.  A  large  brownish  and  gray  tuft  at  the  base.  Ab- 
domen rather  robust,  gray  with  a  distinct  reddish  cast,  a  dark  brown  dorsal  line.  Anal 
tuft  large  and  becoming  ochreous  at  the  tips. 

Primaries. — The  whole  wing  has  a  faint  olive  cast.  The  inner  edge  from  the 
median  vein  is  tinged  with  red,  more  pronounced  just  inward  from  the  anal  angle; 
the  linear  discal  dot  also  has  a  reddish  cast.  The  basal  area  to  about  one-fourth  out 
is  pale  gray  more  or  less  strigate  with  black  scales;  a  squarish  black  spot  at  the  ex- 
treme base  of  this  area  showing  most  strongly  at  the  juncture  of  the  median  and  sub- 
costal veins.  The  inner  edge  of  the  basal  area  is  very  narrowly  black  with  a  few  white 
scales  outwardly.  Beyond  is  a  black  band  half  as  wide  as  the  basal  area,  a  little  wider 
on  the  costa,  extending  slightly  outward  across  the  wing  to  a  deep  black  rectangular 
spot  between  vein  one  and  the  inner  margin;  the  outer  edge  of  this  band  is  more  or 
less  sinuate  with  a  rather  sharp  angle  inward  from  costa  to  subcosta  and  an  outward 
scallop  to  middle  of  cell.  Succeeding  this  band  is  a  narrow  gray  band  determined 
outwardly  by  a  fine  black  line  which  begins  in  a  spot  on  the  costa  as  wide  as  the  band 
and  parallels  the  black  band  across  the  wing;  the  line  is  lost  between  veins  one  and 
two  but  reappears  between  vein  one  and  the  margin.  The  median  space  is  gray,  con- 
spicuously strigate  with  black  scales;  an  outwardly  oblique,  black,  scalloped  line 
starts  on  the  costa  above  the  end  of  the  cell  and  terminates  in  a  black  cloud  above  vein 
four.  A  submarginal  dark  liver-colored  band  begins  on  the  costa  midway  between 
the  cell  and  the  apex  running  in  an  irregular  course  across  the  wing,  the  inner  edge 
of  this  band  is  scalloped  inwardly  and  the  outer  edge  is  scalloped  outwardly.  From 
costa  to  vein  five  it  is  about  the  width  of  the  basal  black  band,  at  vein  five  it  sud- 
denly contracts  on  the  inner  side  to  about  one-third  the  width  above,  runs  parallel  to 
the  outer  margin,  gradually  widening  to  the  middle  of  the  space  between  veins  one 
and  two  whence  it  contracts  again  slightly  to  just  inside  the  anal  angle.  Marginal 
space  reddish  with  a  deep  black  apical  cloud  cutting  it  above  vein  six.  Terminal  line 
broad  and  blackish,  irregularly  and  broadly  dentate.  Fringe  short,  and  lustrous. 
.\ll  veins  more  or  less  outlined  with  black. 

Secondaries. — Smooth,  fuscous,  slightly  darker  at  outer  margin;  fringe  some- 
what lighter,  lustrous. 

Beneath  gray,  more  or  less  irrorate  with  black.  Apical  portion  of  primaries 
cloudy  and  a  few  whitish  marks  on  the  costa. 

Expanse,  32  mm. 

Holotype:   male;   Bear  Wallow,  August  17-19.   Amer.  Mus.  Nat.  Hist.  Coll. 

Paratypes:  5  males;  four  with  the  same  data  as  the  holot\T>e,  one  (left  wings 
badly  rubbed)  from  Sabino  Basin,  August  15-21.  Amer.  Mus.  Nat.  HLst.  and 
author's  collection. 

The  form  of  maculation  seems  to  place  this  species  in  the  same 
.eroup  as  furcata  Thunberg  but  the  fonn  of  the  uncus  fixes  it  in  the  same 
group  as  specwsata  Packard,  to  which  species  it  seems  to  be  most  closely 
allied.  I  take  pleasure  in  dedicating  this  species  to  Mr.  R.  Preston  Clark 
whose  generosity  made  the  expedition  possible. 
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Hydriomena  neomezicana  HuLst. 

Seven  specimens:  6,  Coyote  Mountains,  August  3-7;  1,  Comobabi 

Mountains,  August  9-10. 
GoBnocalpe  aurata  Grote. 

Three  specimens,  Bear  Wallow  Trail,  July  13. 
Mesoleuca  intemipta  Grossbeck. 

One  specimen,  Bear  Wallow,  July  12-17. 
Eupithecia  subcolorata  Hulst. 

One  specimen.  Mud  Springs,  July  17-20. 
Eupithecia  flavigutta  Hulst. 

Two  specimens:  1  Mud  Springs,  July  17-20;  1,  Bear  Wallow  Trail, 

July  13. 
Eupithecia  species,  unknown. 

One  specimen.  Coyote  Mountains,  August  3-7. 
Eupithecia  species,  unknown. 

Two  specimens.  Mud  Springs,  July  17-20. 
Femaldiafimetaria  Grote  and  Robinson. 

Thirty-five  specimens:  3,  Palo  Alto,  July  29-30;    21,  Black  Dike 

Prospect,  July  .26-29;    4,  Comobabi  Mountains,  Aug.  9-10;    1, 

Lincoln  Mine,  July  19;  3,  Kits  Peak  Rincon,  July  31-Aug.  4;    1, 

North  Side  Kits  Peak,  Aug.  7-9;  1,  Santa  Cniz  Village,  Aug.  10-12, 

1,  Robles  Ranch,  Aug.  13. 
Femaldia  partitaria  Grote. 

Seven  specimens:   2,  Comobabi  Mountains,  Aug.  9-10;   4,  Black 

Dike  Prospect,  July  26-29;  1,  Santa  Cruz  Village,  Aug.  10-12. 
Ghloraspilates  bicoloraria  arizonaria  Grote. 

Thirty-seven  specimens:    13,  Kits  Peak  Rincon,  July  31-Aug.  4; 

17,  Coyote  Mountains,  Aug.  3-7;  4,  North  Side  Kits  Peak,  Aug. 

7-9;  2,  Comobabi  Mountains,  Aug.  9-10;   1,  "Black  Dike  Prospect, 

July  26-29. 
Macaria  simulata  Hulst. 

One  specimen,  Sabino  Basin,  Aug.  15-21. 
Macaria  pictipexmata  Hulst. 

Two  specimens.  Kits  Peak  Rincon,  Aug.  1-4. 
Macaria  s-sigrnata  Packard. 

Eight  specimens:  7,  Kits  Peak  Rincon,  July  31  Aug.  4;   1,  North 

Side  Kits  Peak,  Aug.  7-9. 
Sciagraphia  colorata  Grote. 

Twenty-six  specimens:    1,  North  Side  Kits  Peak,  Aug.  7-9;    4, 

Kits  Peak  Rincon,  July  31-Aug.  4;    1,  Sabino  Basin,  July  8-12; 
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4,  Coyote  Mountains,  Aug.  3-7;    1,  San  Xavier  Mission,  July  24; 

4,  Santa  Cruz  Village,  Aug.  10-12;   11,  Tucson,  2,  July  3-5  and  9, 

July  21-23. 
G3rmatophora  minuta  Hulst. 

Three  specimens:    1,  I^well  Ranger  Station,  July  6-20;  2,  Bear 

WaUow,  July  12-17. 
Phasiane  tenebrosata  Hulst. 

Sixty-nine  specimens:    58,  Sabino  Ba.<«in,  Aug.   15-21;    11,  Kits 

Peak  Rincon,  July  31-Aug.  4. 
Itame  octolineata  Hulst. 

One  specimen.  Black  Dike  Prospect,  July  26-29. 
Gatopsnrha  species,  unknown. 

One  specimen,  Sabino  Basin,  Aug.  15-21. 
Tomos  scolopacinarius  Guen^e. 

One  specimen,  North  Side  Kits  Peak,  Aug.  7-9. 
Tomos  erectarius  Cirossbeck. 

One  specimen.  Coyote  Mountains,  Aug.  3-7. 
Glaucina  escaria  Grote. 

Two  specihiens:   1,  Santa  Cruz  Village,  Aug.  10-12;   1,  Kits  Peak 

Rincon,  Aug.  1-4. 
Glaucina  erroraria  Dyar. 

Eight  specimens:   5,  C'oj^ote  Mountains,  Aug.  3-7;    1,  Kits  Peak 

Rincon,  July  31-Aug.  3;    1,  Santa  Cruz  Village,  Aug.  10-12;    1, 

Lowell  Ranger  Station,  July  6-20. 

The  close  distinctions  necessary  to  separate  the  species  of  Glaucina 
make  certainty  of  identification  next  to  impossible  unless  the  types,  or 
at  least  compared  specimens,  are  before  us.  In  the  case  of  erroraria  Dyar, 
as  here  identified,  neither  the  types  nor  compared  specimens  are  at 
hand.  However,  the  excellent  paper  by  Grossbeck  seems  to  make  it 
quite  clear  that  the  specimens  here  Hsted  are  the  true  erroraria. 
Glaucina  eupetheciaria  Grote. 

Twenty-eight  specimens:   7,  North  Side  Kits  Peak,  Aug.  7-9;    1, 

Coyote  Mountains,  Aug.  3-7;   1,  Black  Dike  Prospect,  July  26-29; 

1,  San  Xavier  Mission,  July  24;    18,  Kits  Peak  Rincon,  July  31- 
Aug.  3. 

The  eighteen  specimens  from  Kits  Peak  Rincon  seem  to  me  to  be 
slightly  different  in  wing  form  from  the  rest.  The  apex  is  somewhat 
more  produced  than  in  the  others  of  the  series.  It  is  quite  possible,  I 
think,  that  these  are  the  typical  eupetheciaria  Grote  while  the  rest 
having  the  apex  more  rounded  may  be  referable  to  pygmeolaria  Grote. 
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This  apparent  diflference  is  hardly  sufficient  to  separate  the  two  spjecies, 
hence  they  are  here  Usted  as  one. 
Glaucina  species,  unknown. 

Six  specimens:  2,  Coyote  Mountains,  Aug.  3-7;  1,  North  Side  Kits 

Peak,  Aug.  7-9;   1,  Lowell  Ranger  Station,  July  6-20;  1,  Kits  Peak 

Rincon,  July  31-Aug.  3;  1,  Palo  Alto,  July  29-30. 

I  am  unable  to  definitely  locate  any  of  these  specimens.    They  seem 
to  represent  about  four  species. 
GoBnocharis  ochrofuscaria  Grote. 

Twenty-three  specimens:    20,  Coyote  Mountains,  Aug.    3-7;     1. 

Black  Dike  Prospect,  July  26^29;  2,  Santa  Cruz  Village,  Aug.  10-12. 

The  specimens  here  identified  as  ochrofiiscaria  Grote   are  quite 
markedly  darker  than  the  specimens  so  identified  by  Grossbeck  in  the 
Museum  Collection;  structurally,  however,  they  seem  to  be  identical 
and  I  feel  quite  certain  that  my  identification  is  correct. 
CcBnocharis  macduxmoughi  Grossbeck. 

Eleven  specimens:  8.  Coyote  Mountains,  Aug.  3-7;   1,  North  Side 

Kits  Peak,  Aug.  7-9;   1,  Santa  Cruz  Village;   Aug.  10-12;   1,  Kit^ 

Peak  Rincon,  Aug.  1-4. 

The  specimens  here  identified  as  C.  macdunnoughi  Grossbeck  agree 
in  all  essential  points  with  Grossbeck's  description  but,  as  I  have  been 
unable  to  compare  them  with  the  types,  I  may  be  in  error.  The  species 
seems  very  close  to  ochrofuscaria  Grote,  but  the  presence  of  the  distinct 
cross-lines  and  the  darkened  median  space  sets  it  off  from  the  latter 
species.  Barnes  and  McDunnough  have  refered  macdunnotighi  to 
Glaudrm;  this  I  believe  to  be  in  error,  since  macdunnoughi  and  ochro- 
fuscaria  are  structurally  identical. 
Ssmglochis  perumbraria  Hulst. 

Ten  specimens:  4,  Santa  Cioiz  ViUage,  Aug.  10-12;    1,  Marathon, 

Brew^er  County,  Texas,  July  1-2,  '16;  3,  Coyote  Mountains,  Aug. 

3-7;  2,  Kits  Peak  Rincon,  Aug.  1-4. 
Gleora  obliquaria  Grote. 

Twenty-four  specimens:   3,  Black  Dike  Prospect,  July  26-29;    10, 

North  Side  Kits  Peak,  Aug.  7-9;  3,  Santa  Cmz  Village,  Aug.  10-12; 

2,  Kits  Peak  Rincon,  July  31-Aug.  4;  5,  Coyote  Mountains,  Aug. 

3-7;  1,  Palo  Alto,  July  29-30. 
Gleora  species  (near  -pampinaria  Guen^e). 

One  specimen,  Sabino  Basin,  July  8-12. 
Gleora  species,  unknown. 

One  specimen,  Kits  Peak  Rincon,  Aug.  1-4. 
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Cleora  species,  unknown. 

One  specimen,  Bear  Wallow,  July  12-17. 
Aldi  haydtnata  Packard. 

Two  specimens,  Sabino  Basin,  July  8-12  and  Aug.  15-21. 
St«rgam«toa  doUiata  Grossbeek. 

One  specimen,  Sabino  Ba^n,  July  8-12. 
Phaoura  m«zicanaria  Grote. 

One  specimen,  Sabino  Basin,  Aug.  15-21. 
Qr»fia  smithi  Pearsall. 

Two  specimens,  Santa  Cruz  Village,  Aug.  10-12. 
Metrocampa  perlata  Guen^. 

Two  specimens,  Bear  Wallow,  July  12-17. 

Euohlssna  lutai,  new  species 

Palpi. — Sprinkled  with  ligEt  brown  along  the  sides.  Front  light  brown  and  con- 
colorous  with  the  thorax.  Abdomen  somewhat  lighter  than  thorax,  more  ochreous; 
tips  slightly  tufted. 

Primaries. — General  aspect  from  base  to  outer  line  pale  ochreous,  the  color  deep- 
ening slightly  in  the  apical  region.  Basal  third  strigate  and  clouded  with  olive-brown 
scales  and  patches  outwardly  to  a  broadly  diffuse  line  of  the  same  color  crossing  the 
wing  in  a  wide  outward  curve  just  before  the  jimcture  erf  vein  two  with  the  cell.  The 
median  space  is  divided  approximately  in  the  center  by  an  irregular  and  broadly 
diffused  line  similar  to  the  one  just  described;  a  few  brown  scales  are  scattered  over 
the  space  and  the  brown  discal  dot  is  fused  with  the  line.  The  outer  line  is  sharply 
defined,  narrow  and  distinctly  brown.  This  line  parallels  the  margin  except  near  the 
apex  where  it  forms  a  sharp  angle  to  the  costa.  Beyond  and  above  this  an^e  apically 
the  ground-color  appears  much  clouded;  the  rest  of  the  space  beyond  the  line  to  the 
outer  margin  is  evenly  chocolate-brown.  Apex  slightly  falcate;  margin  broadly 
angled  at  vein  four. 

Secondaries. — Concolorous;  basal  half  without  lines.  Just  beyond  the  discal 
dot  and  between  it  and  the  inner  margin  is  a  straight,  broadly  diffused,  smoW  line  or 
band.    Marginal  space  as  in  primaries. 

Beneath  much  as  above  but  somewhat  lighter. 

Female. — Ground-color  a  little  hghter  than  in  the  male,  more  inclined  to  pale 
ochreous  with  smoky  brown  .scales  and  patches  scattered  over  the  entire  surface, 
lines  or  bands  but  faintly  indicated.  Discal  dot  distinct  on  the  primaries  but  obsolete 
on  the  secondaries. 

Expanse,  25  mm. 

Holotype:  male;  Coyote  Mountains,  Aug.  3-7.    .\mer.  Mus.  Nat.  Hist.  Coll. 

Allotype:  female;  Baboquivari  Moimtains,  Pima  County,  July  15-30,  1903, 
(O.  C.  Poling,  Grossbeek  Coll.).    Amer.  Mus.  Nat.  Hist.  Coll. 

Paratypes:  males;  2  specimens  with  same  data  as  allotype;  2  specimens,  Coyote 
Mountains,  Aug.  3-7;  2  specimens,  Sabino  Basin,  Aug.  15-21.  -\mer.  Mua.  Nat. 
Hist,  and  author's  collection. 
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Five  of  these  specimens  were  taken  by  Dr.  F.  E.  Lutz  during  the 
summer  of  1916,  the  other  three  were  found  in  the  Grossbeck  Collection 
without  a  name.  It  was  quite  evident  that  Grossbeck  had  given  them 
some  study  and  had  intended  describing  them.  The  species  is  interesting 
from  the  fact  that  the  amount  and  depth  of  coloration  varies  so  consid- 
erably. One  of  the  paratypes,  slightly  larger  (27  mm.),  is  almost  as 
devoid  of  distinctive  Unes  or  bands  as  is  the  allotype.  There  is  a  bare 
possibility  that  the  species  has  been  described  from  Mexico  but  I  believe 
it  to  be  new,  hence  I  propose  the  name  lutzi  as  an  expression  of  the 
regard  in  which  I  hold  the  collector. 
Epiplat3rmetra  lentifluata  Barnes  and  McDunnough. 

One  specimens,  Bear  Wallow  Trail,  July  17. 
Stenaspilates  albomacularia  Hy.  Edwards. 

Six  specimens:    3,  Coyote  Mountains,  Aug.  3-7;    2,  North  Side 

Kits  Peak,  Aug.  7-9;  1,  Black  Dike  Prospect,  July  26-29. 
Stenaspilates  levisaria  Grossbeck. 

One  specimen,  Coyote  Mountains,  Aug.  3-7. 
Stenaspilates  flavisaria  Grossbeck. 

One  specimen,  Coyote  Mountains,  Aug.  3-7. 
Gonodontis  distycharia  Guen^. 

One  specimen,  Sabino  Basin,  Aug.  15-21. 

Epiplemida 

CalUuia  certiorata  Pearsall. 

Ten  specimens:  8,  Bear  Wallow  Trail,  July  13;  2,  Mud  Springs, 
July  17-20. 
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INTRODUCTION 

It  was  our  original  intention  to  prepare  a  simple  check-list  of  North 
American  bees,  but  the  literature  is  so  scattered  and  a  locality  record 
without  a  knowledge  of  the  authority  upon  which  it  is  based  is  so  un- 
satisfactory that  we  decided  to  include  our  bibliographic  notes  (especially 
on  papers  published  after  1896)  and  to  publish  at  present  only  the  records 
for  certain  famiUes  of  higher  bees.  These  notes  are  not  intended  to  be  a 
complete  bibliography  of  the  subject.  In  general,  we  have  not  given  a 
reference  unless  it  added  to  our  knowledge  of  distribution,  and,  in  sirni- 
marizing  a  reference,  we  have  usually  left  out  the  parts  that  are  repeti- 
tions or  mere  confirmations  of  previously  published  data.  We  think  our 
records  are  practically  complete  up  to  at  least  1919.  No  taxonomic  name 
is  given  with  a  reference  if  the  author  used  the  one  adopted  by  us  here. 
A  type  locality  is  designated  by  an  asterisk.  It  would  have  delayed  too 
greatly  the  publication  of  this  list  to  have  attempted  gathering  unpub- 
Ushed  records  from  specimens  in  various  collections.  The  American 
Museum  of  Natural  History  would,  however,  be  glad  to  have  copies  of 
such  records. 

Distribution  is  not  merely  spatial;  distribution  in  time  is  also 
important.  For  that  reason  we  have,  for  the  most  part,  included  the 
months  (indicated  by  Roman  numerals)  in  which  adults  were  found  and, 
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because  it  also  is  often  important,  the  flowers  at  which  they  were  cap- 
tured. Doubtless  some  of  the  papers  dealing  with  flowers  and  bees  have 
been  overlooked. 

Since  the  collector  has  often  worked  harder  than  the  author,  he  is 
entitled  to  have  part  of  the  credit  for  a  new  locality  record.  Further- 
more, the  collector's  name,  through  a  knowledge  of  his  activities,  some- 
times enables  subsequent  authors  to  locate,  at  least  approximately,  a 
place  which  may  not  appear  on  maps.  We  have,  therefore,  usually 
given  the  collector's  name  (in  parentheses),  unless  he  happened  to  be 
also  the  author,  but,  unfortunately,  these  did  not  always  get  in  our 
notes  and  it  did  not  seem  to  be  worth  while  rechecking  all  the  references 
for  this  point  alone. 

The  classification  of  bees  is  not  in  a  very  satisfactory  shape  and 
some  of  the  recent  changes  in  names  and  system  do  not  seem  to  have 
helped  matters  a  great  deal.  More  field-work  and  detailed  studies  of 
comparative  anatomy  are  needed  before  we  can  hope  to  accomplish  much 
in  the  way  of  improving  the  taxonomy.  We  have,  therefore,  been  con- 
servative, even  where  we  feel  that  changes  might  be  justified,  and  we  have 
usually  "lumped"  rather  than  ** split."  However,  in  most  cases  the 
bibUography  clearly  shows  where  splits  have  been  made. 

Apidjb  Leach 

As  restricted  here,  this  family  includes  only  Apis, 
Apn  Linnseus,  1758,  pp.  343  and  575 
(Type:  meUifera  Linnseus) 

There  are  no  native  species  in  America.  The  introduced  niellifera 
now  occurs  in  nearly  all  civilized  regions.  A .  meUifera  ligustica  Spinola, 
1806.  p.  35,  with  largely  rufofulvous  abdomen,  is  commonly  kept  in  the 
United  States.  A.  meUifera  lamarckii  C'ockerell,  19066,  p.  166,  (n.  n. 
for  fasciata  Latreille,  1804,  p.  171,  not  Linnaeus,  1767)  was  recorded  from 
Canyon  City,  Colorado,  by  Uhler,  1877,  p.  783.  Friese,  1906a,  p.  299, 
recorded  A,  meUifera  syriaca  Buttel-Reepen  from  San  Jos^,  Costa  Rica. 

Apis  bostoniana  Sulzer  is  neither  American  nor  Apis,  but  is  the 
European  Bainhus  hypnorum  (Linnaeus).    See  Cockerell,  1906,  p.  104. 

Apis  grisfn'pes  Turton,  Syst.  Nat.  Ill,  p.  559,  from  "S.  American 
Is.^'  (presumably  West  Indies)  cannot  be  identified 

MSLIPONIDJB 

We  use  this  name  for  the  genera  which  are  usually  grouped  as  the 
MeliponinsB  of  the  Apidae.  They  are  certainly  as  distinct  from  Apis 
as  is  Bomb  lis. 


Digitized  by 


Google 


1920]  IaUz  and  Cockerell,  Notes  on  American  Bee^  493 

Mbupona  Illiger,  1806,  p.  157 
(Type:  Apis  favosa  Fabriciiis) 
Dalla  Torre,  1896,  p.  574,  includes  Trigona  Jurine  and  Tetragoria 
Lepeletier  as  subgenera.     Von  Ihering,  1903,  gives  full  notes  on  the 
biology  of  Brazilian  species.    Cockerell,  1919,  pp.  194-206,  gives  a  ke}^ 
to  the  species  in  U.  S.  National  Museum. 

amaUhea.    See  Trigona. 

bipundata.     See  Trigona, 

carrikeri.     See  marginata  carrikeri. 

citriperda.     See  Trigona  ruficrus. 

costaricensis.     See  fasciata  costaricensis, 

cressoni.     See  Trigoria  nigra, 

fasciata  Latreille,  1811,  pp.  173,  291.     S.  Vera  Cruz,  Mexico. 

Gronen,  1881,  p.  331.     Biology 
Cockerell,  1919,  p.  198.    Parti,  Brazil. 

f asdata  costaricexuds  Cockerell,  1919,  p.  198.    9.    Pozo  Azul,  Costa 

Rica;   VI;    (Carriker). 
fasciata  melanopleura  Cockerell,  1919,  p.  201.    8.    Pozo  Azul,  Costa 

Rica;   VI;    (Carriker). 
fasciata  panamica  Cockerell,  1919,  p.  198.    8.     Porto  Bello*,  Cabima, 

and  Alhajuelo,  Panama;  II,  V;  (Busck). 
flaTipexmis  Smith,  1854,  p.  406.     d" .    Para,  Brazil. 

M.  tilania  Gribodo,  1893,  p.  251.    6.    Rioja,  Argentina. 
M.  titania  Ducke,  1902,  p.  294.    At  Solanum  toxicarium. 
Schultz,  1904,  p.  816.   Dutch  Guiana.   Palmar  and  Archidona,  Ecuador; 
(Hsensch). 

Cockerell,  1919,  p.  205.  Mapiri,  Bolivia.  Guayaquil,  Ecuador.  Pozo 
Azul,  (Carriker),  and  Juan  Vinas,  (Schaus),  Costa  Rica. 

fulvipeda.    See  fulvipes. 

fulvipes  Gu^rin,  1839,  p.  462.     S,  cf .    Cuba. 

Melipona  zonnlata  [Klug]  Spinola,  1840,  p.  123.    Mexico. 

Apis  (Melipona)  fulvipes  Blanchard,  1849,  Plate  cxxix,  fig.  7. 

Trigona  fvlvipeda  Poey.  1851,  pp.  122-176.  cf  and  biology.  Discussed 
by  Muller,  1875,  p.  291. 

Smith,  1863,  Plate  xx. 

Fox,  1891,  p.  348.     Ki  igs^on,  Jamaica. 

du  Buysson,  1901,  p.  153.     Zacoalco,  Jalisco,  Mexico.     Biology. 

Cockerell,  19126,  p.  316.  Gualan  and  Quirigua,  Guatemala;  II;  at 
Solanum  and  Pontederia  cordata;  (W.  P.  Cockerell). 

Friese,  1916,  p.  299.     Sa  i  Jos<!^,  Costa  Rica;  (Schmidt). 

Variety  a  Cockerell,  1919,  p.  200.  g.  Quirigua,  (W.  P.  Cockerell),  Cacao, 
and  Trece  Aguas,  (Ooll),  Guatemala;  V.  Prinzapolca  River,  east  coast  of 
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Nicaragua. 

Cockerell,  1919,  p.  201,  Rio  Jacinto,  D.  F.,  (Riquelme),  and  Izamal, 
Yucatan,  (Townsend),  Mexico.  Belize,  Honduras.  Puntarenas,  Costa 
Rica;  (Knab).    San  Diego,  (Palmer  and  Riley),  and  Guantanamo,  Cuba. 

f ulvipes  obscuripes  Friese,  1916,  p.  348.     (Trigona)    8.     San  Carlos, 

Costarica;  (Burgdorf).    Mexico. 
fuscata  Lepeletier,  1836,  p.  424.    8.    Peru. 

Spinola,  1840,  p.  130.   French  Guiana. 

Trigona  fuscata  Smith,  1854,  p.  413. 

Ducke,  1902,  p.  295.    Belem,  Pard,  Brazil. 

Schultz,  1904,  p.  817.    Itaituba  and  Tapajoz,  Brazil;  VIII,  X. 

Friese,  1916,  p.  299.   San  Carlos,   Costa  Rica;  (Burgdorf). 

Cockerell,  1919,  p.  205.    Mapiri,  Bouvia. 

fu8cip9B Friese,  1900a,  p. 382.  8,  cf.  Mexico.  Colombia.   Venezuela. 
Yquitos,  Peru.    Prov.  Pianhy,  Brazil. 

Zabriskie,  1909,  p.  48.    Description  of  wax. 

Cockerell,  1919,  p.  203.  Cacao,  Trece  Aguas,  Alta  Vera  Paz,  Guatemala; 
V;  (GoU.). 

jenningsi.    See  orbignyi  jenningsi. 

lautipes.    See  variegatipes  lautipes, 

Ugata  Say,  1837,  p.  415.    (Trigona)    8.    Mexico. 

Cockerell,  1904a,  p.  23.  San  Rafael,  Vera  Cruz,  Mexico;  VII;  at  Cordia; 
(Townsend). 

marginata  carrikeri  Cockerell,  1919,  p.  198.    8.     Pozo  Azul,  Costa 

Rica;  VI;  (Carriker). 
marginata  torrida  Friese,  1916,  p.  348.     8.    San  Jos^,  Costa  Rica; 

(Schmidt). 
melanoplerira.    See  fasciata  melanopleura, 
nigripes  Friese.  1900o,  p.  381.    8.   Guatemala;  (Stoll). 
obscuripes.     See  fulvipes  obscuripes. 
orbignyi  jenningfd  Cockerell,  1919,  p.  199.     cf.    Las  Cascadas,  Canal 

Zone,  Panama;   (Jennings). 
panamica.     See  fasciata  panamica, 
Bolani  Cockerell,  19126,  p.  315.     8.     Quirigua,  Guatemala;    II;    at 

Solanum;  (W.  P.  Cockerell). 
torrida.     See  marginata  torrida. 
titania.     See  flampennis. 

variegatipes  Gribodo,  1893,  p.  254.     9  ,  cf .    Guadeloupe. 
Crawford,  1914,  p.  131.    Dominica;  (Foote). 
Cockerell,  1919,  p.  204.    Montserrai;  (Riley). 

variegatipes  lautipes  Cockerell,  1919,  p.  204.    8.    Montserrat;   III; 
(Riley). 
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zonvlata.    See  fiUvipes, 

Oxytrigona  Cockerell 
See  Trigona. 

Tetragona  Lepeletier 
See  Meltpona  and  Trigona, 

Tbioona  Jurine,  1807,  p.  245 
(Type:  Apis  amatthea  Olivier) 
Dalla  Torre,  1896,  pp.  574-585,  included  all  the  previously  described 
species  under  Melipona.    Von  Ihering,  1903,  gives  full  notes  on  biologj' 
of  Brazilian  species. 

Tetraffona  Lepeletier,  1825,  p.  170,  is  a  subgenus. 
Oxytrigona  Cockerell,  1917d,  p.  124,  was  proposed  as  a  subgenus 
with  mediorufa  as  the  type. 
amalthea  Olivier,  1789,  p.  78.     (Apis) 

Mdipona  amaUhea  Illiger,  1806,  p.  156. 

Trigona  amaUhea  Jiirine,  1807,  p.  246. 

Lepeletier,  1825,  p.  610.  Only  the  biology;  otherwise  T,  sUvestriana 
Vachal. 

Trigona  fuscipennis  Friese,  1900a,  p.  385.  9.  Guatemala.  Colombia. 
Bliimenau,  Para,  Brazil.    Panama.    Mexico. 

Trigona  fttscipennis  Ducke,  1903,  p.  314.  Throughout  the  state  of  Pard, 
Brazil. 

See  Von  Ihering,  1903,  p.  204  (biology,  etc.)  and  Schultz,  1904,  p.  826. 

Cockerell,  1912,  p.  60.  Brazil:  Natal,  Rio  Grande  do  Norte;  Indipenden- 
cia,  Parahyba;  Manaos,  Amazonas;  VI,  VIII;  (Mann  and  Heath). 

Cockerell,  19126,  p.  314.  Gualan,  Puerto  Barrios,  and  Quirigua,  Guate- 
mala; II ;  at  Calopogonium  coBndeum  and  Pontederia  cordate. 

Cockerell,  1913,  p.  10.  Escuintla,  Guatemala,  and  Las  Sabanas,  Panama; 
XI,  XIII;  (Wheeler).  "This  is  the  T,  fuscipennis  Friese.  The  amaUhea 
of  Friese  and  Silvestri  is  T.  sUvestriana  Vachal  {T.  friesii  von  Ihering)." 

Wheeler,  1913,  p.  1.    Biology. 

Cockerell,  1914c,  p. 309.    Guayaquil,  Ecuador;  (Von  Buchwald). 

Schrottky,  1914,  p.  219.    Discusses  synonomy. 

Cockerell,  1916a,  p.  3.     Dunoon,  British  Guiana;  VII;  (Gaige) 

See  Fnese,  1916,  p.  299. 

Cockerell,  1920o.  p.  465.  Rockstone,  Potaro  Landing,  and  Kangaruma, 
British  Guiana;  VII,  VIII;  (Lutz).  Attends  homopterous  bark  insects  in 
Brazil. 

argyrea  Cockerell,  19126,  p.  313.     9.    Quirigua,  Guatemala;    (W.  P. 

Cockerell) .    *'  Nest  in  clay  bank.'' 
atomaria  Cockerell,  1917d,  p.  217.     9.    Pozo  Azul,  Costa  Rtca;   VI; 

(Carriker). 
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bilineata  Say,  1837,  p.  414.    S.    Mexico. 

Ihering,  1903,  p.  205.    Petropolis  and  Itatiba,  Brazil.    Biology. 

Ducke,  1902,  p.  324.    Pard,  Brazil. 

Cockerell,  1917d,  p.  127.    Federal  District,  Mexico. 

bipartita  Lepeletier,  1836,  p.  432.    8.    Brazil. 

Fox,  1895,  p.  272.   Tepic,  Mbxioo. 
bipondtata  Lepeletier,  1836,  p.  427.    {Melipona)   8 ;  Brazil. 
Smith,  1863,  p.  507.* 

Strand,  1910,  p.  558.    Asuncion,  S.  Lorenzo,  Villa  Morra,  and  Trinidad, 
Paraguay;  XI,  XII. 
Friese,  1916,  p.  299.   San  Jos6,  Cobta  Rica;  (Schmidt). 
See  abo  Ducke,  1902,  p.  319;  von  Ihering,  1903,  p.  205;  Schultz,  1904,  p. 
828;  and  Cockerell,  1917d,  p.  125. 

bipunctata  luteipennis  Friese,  1901,  p.  382.     9  .    San  Carlos,  Costa 

Rica.  See  also  1916,  p.  348. 
bipunctata  wheoleri  Cockerell,  1913,  p.  1 1 .    8 .    Escuintla*  and  Patulul, 
Guatemala;  I,  XII;  (Wheeler). 
Wheeler,  1913,  p.  5.   Biology. 
capitata  Smith,  1854,  p.  409.    8.    Brazil. 

Ducke,  1902,  p.  299.   Belem,  Maraj6  Island,  and  Macapd,  Brazil. 
Strand,  1910,  p.  558.    Trinidad,  Paraguay. 
Friese,  1916,  p.  299.    Costa  Rica. 

capitata  virgilii  Friese,  1901,  p.  268.     8.    Blumenau,  St.  Catharina, 
Brazil;   (Virgil). 

FriesQ,  1916,  p.  299.   San  Carlos,  Costa  Rica;  (Burgdorf). 
See  also  Ducke,  1902,  p  299,  and  von  Ihering,  1903.  p.  207. 

corvina.    See  ruficrus  corvina, 

cressoni.    See  nigra. 

cupira  Smith,  1863,  p.  507.    8.    Brazil. 

Ducke,  1902,  p.  317.    cf .    Pard,  Brazil.    Biology. 
Ihering,  1903,  p.  207.    Biology. 
Silvestri,  1911,  pp.  65-69. 

Cockerell,  19126,  p.  313.  Amatitlan,  Puerto  Barrios,  Guatemala  City, 
Antigua,  Gualan,  and  Quirigua,  Guatemala;  I,  II;  at  Vernonia  aschen- 
homiana  and  Ipomcea  sidwfolia;  (W.  P.  Cockerell). 

Cockerell,  1913,  p.  10.  Zacapa,  Guatemala,  and  San  Jos^,  Costa  Rica; 
XII;  (Wheeler). 

Wheeler,  1913,  p.  3.    Biology. 

Cockerell,  1920a,  p.  464.  Pacayas,  Costa  Rica;  (Werckele).  Cabima  and 
Porto  Bello  trail,  Panama;  (Busck  and  Jennings). 

1 1  have  a  specimen  of  bipuncUita  from  F.  Smith's  collection,  and  am  satisfied  that  it  is  the  speciea 
which  Lepeletier  described. — T.  D.  A.  C. 


Digitized  by 


Google 


1920)  Luiz  and  CockereU,  Notes  on  American  Bees  497 

doederleini  Friese,  1900a,  p.  390.     8.     Bahia  and  Obidos,  Brazil. 

Chiriqui,  Panama. 
donaliB  Smith,  1854,  p.  411.    8.    Par4,  Brazil.    (Not  of  Smith,  1863, 
p.  510,  which  is  meade-waldoi  Cockerell,  1915a,  p.  32.) 
Mdipona  dorsalis  Girard,  1874,  p.  cvi.   Bahia,  Brazil. 
Von  Ihering,  1903,  p.  211.    Biology. 

Holmberg,  1903,  p.  378.    Chaco  and  Atlas  Misiones,  Argentina. 
Cockerell,  1915a,  p.  30.    Cincinnati  Coffee  Plantation,  20  miles  inland 
from  the  port  of  Santa  Marta,  Colombia;   5,000  ft.;  VII;   (Gaige).    Re- 
description,  synonomy,  and  biology. 

Cockerell,  1917d,  p.  128.  Alhajuelo,  Panama;  (Busck).  Guapiles,  Costa 
Rica;  (Crawford).    Secanquin,  Guatemala;  (GoU.). 

droryana  Friese,  1900a,  p.  391.     8,6^.    Espirito  Santo,  Brazil. 

Ihering,  1903,  p.  216.    Biology. 

Strand,  1910,  p.  558.  Asuncion,  S.  Lorenzo,  Villa  Morra,  and  Puerto 
Bertoni,  Paraguay, 

Cockerell,  1920a,  p.  466.  Acapulco,  Mexico;  (Knab).  Cacao,  Trece 
Aguas,  Guatemala;  (GoU).  Discuss  the  synonomy  involving  mo«guito  and 
emerina. 

duponti  Spinola,  1840,  p.  124.    Mexico.    A  nomen  nudum. 

ferricauda  Cockerell,  1917d,  p.  127.     8.    Porto  Bello,  Panama;    IV; 

(Busck). 
flaveola.    See  tataira  friesiella, 
flaveola  mediorufa  Cockerell,  1913,  p.  12.    S.    Escuintla,  Guatemala; 

XII;  (Wheeler). 

Wheeler,  1913,  p.  8.    Biology. 
flavodncta.    See  frontalis  flavocinda, 
friesiella.    See  tataira  friesiella, 
friesii.    See  amalthea, 
frontalis  Friese,  1911,  p.  455.    8.    Honduras. 

Cockerell,  1912,  p.  50.    Chinandega,  Nicakagua;  (Baker). 

Cockerell,  1913,  p.  11.    Patulul,  Guatemala;  I;  (Wheeler). 

Wheeler,  1913,  p.  4.   Biology. 

Cockerell,  1914c,  p.  309.   Guayaquil,  Ecuador. 

Cockerell,  1920a,  p.  462.    Guadalajara,  Jalisco,  Mexico;  (Diguet). 

frontalis  flavocincta  Cockerell,  1912,  p.  50.    8.    Independencia,  Para- 
hyba,  Brazil;  (Mann  and  Heath). 

T.f.  flavocincta  var.  a  Cockerell,  19126,  p.  314.  8.  Quirigua,  Guatemala; 
(W.  P.  Cockerell). 

Cockerell,  1917d,  p.  217.  ^' Baker  and  Ashmead  formerly  identified  as 
lineala  Mexican  specimens  of  T.  frontalis  flavocincta  Ckll.,  an  insect  easily 
separated  by  the  shining  mesothorax." 

Cockerell,  1920a,  p.  462.    Paraiso,  Canal  Zone,  Panama;  I;  (Busck). 
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fiUvipeda  and  fiUvipes,    See  Melipona, 
fulviventris  Gu^rin,  1845,  p.  463.    Mexico. 

Ducke,  1902,  p.  312.    8,  d'.   Pard,  Brazil. 

Cockerell,  1912,  p.  61.  Porto  Velho  (This  is  located  7  k.  N.  of  the  old 
town,  San  Antonio,  which  is  just  below  the  lowest  falls  of  the  Madeira). 
Amasonas,  Brazil;  IX;  (Mann  and  Baker). 

Cockerell,  19126,  p.  314.  Puerto  Barrios,  Quirigua,  Amatfllan,  and 
Guatemala  City,  Guatemala;  II;  at  Zexmenia  virgvJUa,  Ipamcea  qmnquefoiia, 
and  Pontederia  cardarta;  (W.  P.  Cockerell). 

Cockerell,  1913,  p.  10.   Zacapa,  Guatemala;  (Wheeler). 

Friese,  1916,  p.  299.   San  Carlos,  Costa  Rica;  (Burgdorf). 

Cockerell,  1920a,  p.  461.  Cacao,  Tres  Aguas,  Guatemala;  (Gail).  San 
Antonio,  Nicaragua.  Sonsonata,  Salvador;  (Knab).  Ei^arta,  (Knab). 
and  PoEo  A«ul,  (Carriker),  Costa  Rica.  Cordoba,  Meixco;  (Knab).  Ala- 
faela  and  Gatun,  (Jennings),  and  Las  Cruces,  Porto  Bello,  Paraiso,  Alhajuelo, 
and  Cabima,  (Busck),  Panama. 

See  labariosa  Smith. 

fitscata.    See  Melipona, 

fuBCipennis  Friese,  1900a,  p.  385.    9.    Guatemala.    Colombia.     Para 
and  Blumenau,  Brazil.    Panama.    Mexico. 
Ducke,  1902,  p.  314.    d'. 

Silvestri,  1903,  p.  187.    Coxip6,  Brazil.    In  nests  of  Euiermes  rippertii 
(Ramb.). 
See  amalihea  and  ruficrus  carvina. 

hellwegeri  Friese,  1900a,  p.  389.    9 .   Cuantla,  Jacubaya,  and  Corniivaca 

[Cuernavaca  ?],  Mexico. 
jatiformis  Cockerell,  19126,  p.  311.    9.    Quirigua*  and  Puerto  Barrios, 

Guatemala;   I;   (W.  P.  Cockerell). 
jaty  Smith,  1863,  p.  507.    c?.   Brazil. 

Ducke,  1902,  p.  307.  Belem,  Par^,  Brazil.  See  also  von  Ihering,  19C3, 
p.  220;  Schultz,  1904,  p  825;  and  Strand,  1910,  p.  559. 

Cockerell,  19126,  p.  312.  Amatitlan  and  Quirigua,  Guatemala;  II;  at 
Zexmenia  virguUa;  (W.  P.  Cockerell). 

Cockerell,  1913,  p.  10.     Escuintla  and  Patulul,  Guatemala;    I,  XII; 
(Wheeler). 
Wheeler,  1913,  p.  2.    Biology. 

Cockerell,  1920a,  p.  461.  Ollas  de  Moka  and  San  Jos6,  Guatemala. 
Pozo  Azul,  CosiA  Rica;  (Carriker).  Nicaragua.  Tabemilla,  Canal  Zone, 
Panama;   (Busck). 

kohli.    See  pallida, 

laboriosa  Smith,  1862,  p.  42.    9 .    Panama  . 

Cockerell,  19106,  p.  366.  "A  specimen  from  Smith's  collection  appears  to 
me  to  be  identical  with  T.  fulviventrls  Gu^r.,  as  represented  by  [material  col- 
lected by]  Baker  at  Belize." 
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ligata.    See  Melipona. 
liUeipennis.    See  bipunctata  luteipennis. 
mayarum.    See  zeigleri  mayarum. 
meade-'waldoi.    See  dorsalis, 
mediorufa.    See  flaveola  mediorufa. 
meUaria,    See  punctata, 

mellicolor  Packard,  1869,  p.  56.    8 .   Between  Quito  and  the  Napo  River, 
Ecuador. 

Cockerell,  1917(i,  p.  124.   PozoAziil,   Costa  Rica;  (Carriker). 
mezicana  Gu^rin,  1844,  p.  464.    Mexico. 

Schxiltz,  1904,  p.  827.    "Amazon,**  Brazil;  (Bates). 
Cockerell,  1913,  p.  11.   Rio  Nautla,  Mexico;  (Townsend). 

mirandula  Cockerell,  1917rf,  p.  122.    8.    Pozo  Azul,  Costa  Rica;  VI; 

'(Carriker). 
molesta  Puis.    DaUa  Torre,  1896,  p.  581,  erroneously  records  it  from 

North  America. 
muBanim  Cockerell,  I917rf,  p.  123.     8.     "Philadelphia  Banana  R.'' 
Costa  Rica;  (Knab).    Boqueron  River,  Panama;  V;  (Busck). 

Cockerell,  1920a,  p.  464.  Cotinga  River,  Brazil:  4000  feec;  VIII; 
(Crampton).     May  be  a  subspecies  of  rhunibleri  Friese. 

nigerrima  Cresson,  1878a,  p.  181.    8.    Mexico;  (Sumichrast). 

Cockerell,  19126,  p.  312.  Quirigua,  Guatemala;  II;  &t  Pontederiacordata, 
JpanuBQ  side^olia,  and  Centrosema  flumteri;  (W.  P.  Cockerell).  P.  492: 
Rio  Charape,  Peru;  5000  ft.;  IX;  (Townsend). 

Friese,  1916,  p.  299.    San  Jos^,  Cobta  Rica;  (Schmidt). 

See  sUveslriana. 

nigra  Cresson,  1878a,  p.  181.     8.    Mexico;  (Sumichrast). 

Melipona  cressoni  Dalla  Torre,  1896,  p.  577. 

Cockerell,  1913,  p.  12.    Belize,  British  Honduras;  (Baker). 

nigrita.     See  pallida  nigrita, 

nigrocyanea  Ashmead,  1900,  p.  208.    c?.    Leeward  side  of  St.  Vincent, 

W.  I.  (but  in  his  list,  p.  299,  he  gives  it  as  from  Grenada,  W.  I.). 
opaca  Cockerell,  1917d,  p.  126.    c?.    Tabernilla,  Canal  Zone,  Panama; 

VII;   (Busck). 
pachsmoma  Cockerell,   1917d,   p.   125.      8.     Porto  Bello*,   Panama; 

(Busck).    Also  Culebra,  Canal  Zone;   (Rousseau). 
pallida  Latreille,  1804,  p.  177,  PI.  xiii,  fig.    14.    (Apis)     9  .    French 

Guiana. 

Latreille,  1809,  p.  183. 

Melipona  pallida  Lamarck,  1817,  p.  53. 
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Trigona  kohli  Friese,  1900a»  p.  387.  5.  Colombia.  Peru.  French  and 
Dutch  Guiana.    Pard,  Sa6  Paulo,  Manaos,  Brazil.  • 

Trigona  kohli  Silvestri,  1903,  p.  187.  Coxipo,  Cuyaba,  and  Urucum,  Brazil; 
in  nests  of  Eutermitis  rippertii, 

Cockerell,  1912,  p.  61.  Abund,  on  the  Rio  Madeira  nearly  opposite  mouth 
of  Rio  Abund,  Brazil;  IX;  (Mann  and  Baker). 

Wheeler,  1913,  p.  3.    Gatun,  Canal  Zone,  Panama.    Habits. 

Cockerell,  1913,  p.  10.   LasSabanas,  Panama;  XI;  (Wheeler). 

Cockerell,  1920a,  p.  463.  Rockstone,  Tumatumari,  Tukeit,  and  Kaieteur, 
British  Guiana;  VII,  VIII;  (Lutz  and  Crampton).  Tabernilla,  La  Chor- 
rera,  Rio  Trinidad,  and  Alhajuelo,  Panama;    (Busck). 

pallida  nigrita  Friese,  1901,  p.  269.    S,  cf.    Cordoba,  Mexico. 

panamensis.    See  pectoralis  panamensis. 

parastigma  Cockerell,  1918,  p.  165.  9,  cf.  N.  n.  for  stigma  Cockerell, 
19126,  p.  312  (not  Smith).  Quirigua,  Guatemala;  (W.  P.  Cock- 
erell). 

Trigona  siigmay  Cockerell,   1913,  p.   11.     Las  Sabanas,  Panama,  XI. 
Sangre  Grande,  Trinidad;  III;  (Scott). 

Trigona  stigma  Wheeler,  1913,  p.  5.    Biology. 

pectoralis  Dalla  Torre,  1896,  p.  582.  N.  n.  for  thoradca  Cresson,  1878a, 
p.  181  (not  Smith).    8.    Mexico;  (Sumichrast). 

Cockerell,  1913,  p.  11.    Escuintla,  Guatemala,  XII;    (Wheeler).    San 
Marcos,  Nicaragua;  (Baker).    Has  been  confused  with  dorsalis  Smith. 
Wheeler,  1913,  p.  6.    Biologj-. 
See  also  Cockerell,  1915a,  p.  31. 

pectoralis  panameiudB  Cockerell,  1913,  p.  12.  8.  Las  Sabanas,  Panama; 
XI;   (Wheeler). 

Wheeler,  1913,  p.  6.    Biology. 
perangulata  Cockerell,  1917d,  p.  125.     8.    Alhajuelo*,  Canal  Zone, 
Panama;  V;   (Busck).    Pozo  Azul,  Costa  Rica;  VI:   (Carriker). 
perilampoides.     See  pundcUa. 
punctata  Smith,  1854,  p.  409.    8 .    Par4,  Brazil. 

Trigona  meUarius  Smith,  1862,  p.  40.     9 .     Panama. 
Trigona  perilampoides  Cresson,  1878a,  p.  181.    8.    Mexico;  (Sumichrast). 
Friese,  1903,  p.  361.    Bartica,  British  Guiana. 

T.  meUaria  Cockerell,  19116,  p.  285.    Piura,  Peru;    IV;   at  asclepiads; 
(Town  send). 

Trigona  meUaria  W.  P.  Cockerell,  1912,  p.  282,  and  19126,  p.  312.    Gualan 
and  Quirigua,  Guatemala;  II;  ni  Cahpogonium  ccerxdeum. 

Trigona  perilampoides  Cockerell,    1913,   p.  10.     Escuintla,  Guatemala; 
XII;   (Wheeler). 

Meade-Waldo,  1913,  p.  497.    Synonomy. 

rhumhUri.     See  musarum. 

ruficrusLatreille,  1804,  p.  176.    (Apis)    8.    Brazil. 
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Melipona  dtriperda  lUiger,  1806,  p.  158. 

Jurine,  1807,  p.  246.     9 . 

Von  Ihering,  1903,  p.  228.    Biology. 

Strand,  1910,  p.  567.  Asuncion,  Trinidad,  ViUa  Morra,  and  S.  Lorenzo, 
Pabaguat;  XI,  XII. 

Cockerell,  1912,  p.  60.  Natal,  Rio  Grande  do  Norte,  and  Independencia, 
Parahyba,  Brazil;  VI;  (Mann  and  Heath). 

Cockerell,  1913,  p.  12.   Zacapa,  Guatemala;  XII;  (Wheeler). 

Wheeler,  1913,  p.  7.    Biology. 

ruficruB  corvina  Cockerell,  1913,  p.  12.  8.  Zacapa*,  Guatemala; 
XII.  San  Jo84,  Costa  Rica;  XII.  Gatun,  Canal  Zone,  XI,  and 
Las  Sabanas,  Panama.    (Wheeler). 

Wheeler,  1913,  p.  7.    Biology. 

Cockerell,  1918a,  p.  482.    Chagres  River,  Canal  Zone,  Panama;  X;  chew- 
ing on  the  leaves  of  young  citrus  plants;  (Morrison). 
Cockerell,  1920a,  p.  465.    Tumatumari,  Briiish  Guiana;  VII;  (Lutz). 

salvatorifl  Cockerell,   1917d,  p.   124.     8.     San  Salvador,  Salvador; 

VIII.    Escuintla,  Guatemala;   (Knab). 
schulthesai  Friese,  1900a,  p.  386.    8.    Guatemala;  (StoU). 
silvestriana  Vachal.    Cockerell,  19126,  p.  312,  says  that  the  one  reported 
by  Vachal  from  British  Honduras  may  have  been  nigerrima.     See 
also  amalthea. 
stigma.    See  parastigma, 

tataira  frieBiella  Cockerell,  1917(i,  p.  124.  N.  n.  for flaveola  Friese,  1900a, 
p.  389  (not  Spinola).  8.  Colombia.  Guatemala;  (Stoll). 
Espirito  Santo,  Brazil;  (Michaelis). 

Trigonaflaveola  Friese,  1916,  p.  299.   San  Carlos,  Costa  Rica;  (Burgdorf). 
thoradca.    See  pectoralis, 

townsendi  Cockerell,  19116,  p.  286.    8.   Piura,  Peru,  X;  (Townsend). 
Cockerell,  1913,  p.  10.    Patulul,  Guatemala;  I;  (Wheeler). 
Wheeler,  1913,  p.  5.    Biology. 

Cockerell,  1920a,  p.  465.  Boruca,  Cosia  Rica;  VII;  (Carriker).  Es- 
cuintla, (Knab),  and  Cacao  ,Trece  Aguas,  (Schwarz  and  Barber),  Guate- 
mala.   Alhajuelo,  Canal  Zone,  Panama;  III;  (Busck). 

virgilii.    See  capitata  virgilii. 

wheeleri.     See  hipunciata  wheelein. 

zexmenisB  Cockerell,  19126,  p.  313.  g.  Quirigua*  and  Gulan,  Guate- 
mala; II;  at  Zexmenia  virgulata  and  Vernonia  aschenbomiana; 
(W.  P.  Cockerell). 

ziegleri  Friese,  1900a,  p.  391.    9.   Amazonas  and  Para,  Brazil.  Vene- 
zuela.   Panama.    See,  also,  Ducke,  1902,  p.  308. 
Friese,  1916,  p.  299.    Costa  Rica. 
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ziegleri  mayarum  Cockerell,  19126,  p.  311.    S.    Quirigua,  Guatemala; 
(W.  P.  Cockerell.) 

BOMBIDJB 

Franklin  (1913  and  1913a)  has  given  such  an  excellent  account  of 
the  American  species  that  we  have  followed  him  for  the  most  part,  al- 
though we  do  not  agree  entirely  with  his  treatment  of  varieties. 

Apathus  Newman 
See  PsithyriLs  and  Bombus. 

Bombias  Robertson 
See  Bombus. 

BoMBUs  Latreille,  1802a,  p.  385  (in  part) 
(See  also  Latreille,  1802,  p.  437.     TyP®*  ^P^  terrestris  Linnseus) 
Bremus  (Panzer,  1801;   see,  also,  Morice  and  Durrant,  1914,  p. 
428)  is  accepted  by  some  recent  authorities  as  the  name  for  this  genus, 
but  the  case  is  still  debatable  and  it  seems  better  to  use  here  the  well- 
known  name.^ 

Bombias  Robertson,  1903,  p.  176  (Type:  B,  auricamus  Robertson) 
was  proposed  as  a  separate  genus  but  we  have  followed  Franklin,  1911, 
p.  161,  in  treating  it  as  a  subgenus.  The  subgenera  may  be  further  sub- 
divided into  "groups'  'as  follows. 

Bombus  Bombias 

DumoucheU  Group  Fraternus  Group 

Pratorum  "  Auricomus     " 

Kirbyellus 
Borealis  " 

Terrestris  " 

See,  in  this  connection,  Radoszkowski,  1884a,  pp.  51-92.  The  groups  to 
which  the  North  American  species  have  been  referred,  chiefly  by  Frank- 
Un,  1913  and  1913a,  are  indicated  here  by  initials  in  square  brackets 
placed  before  the  specific  names. 

Cockerell  and  McNary,  1902,  p.  71,  discuss  mouth-parts  in  their 
relation  to  flowers. 

The  following  names  should  be  dropped  as  unrecognizable. 
Apis  alata  Fabricius,  1798,  p.  274,  or  Bombus  elaius  Fabricius, 
1804,  p.  352,  may  be  Apalhus  dtrinus  Smith,  1854,  p.  385 — male  of 
Psithyi'us  laboriosjis. 

»I  do  not  coDBider  that  there  ia  any  valid  reason  for  using  Bremtis. — ^T.  D.  A.  C. 
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Apis  antiguensis  Fabricius,  1775,  p.  380,  was  probably  not  a  Bornbus, 
If  it  was,  the  **  Antigua'*  from  which  it  was  said  to  have  come  was  almost 
certainly  not  a  West  Indian  island  as  no  Bornbus  has  been  found  native 
in  any  of  the  Antilles.    There  is  an  Antigua  in  Guatemala,  for  example. 

Apis  marylandica  Fabricius,  1798,  p.  273. 

Bornbus  omatus  Smith,  1854,  p.  398.  Handhrsch  thought  it  might 
be  a  variety  of  temarius, 

Bornbus  parvulus  Fabricius,  1804,  p.  352. 

Bornbus  praticolus  Kirby,  1837,  p.  274.  Friese  cites  '^pratitola  Nyl.'' 
as  a  variety  of  lapponicus  subsp.  lugubris, 
[T.]  aflCLnis  Cresson,  1863,  p.  103.     8*  ("  9  "  in  error),  cf .    Canada*; 

(Saunders).     New  York;    (Norton). 

B,  pagans  Cresson,  1863,  p.  91.    9 ,  not  S  and  cf*. 

Provancher,  1888,  p.  339.   Ottawa,  Canada;  (Guignard). 

Handlirsch,  1888,  p.  229.  Boston,  Massachusetts;  (Konopitsky). 
Georgia;  (Morrison). 

Titus,  1902,  p.  38.   Colorado. 

Graenicher,  1906,  p.  20.  MOwaukee  County,  Wiscoxsm;  at  Pamassia 
caroliniana, 

GraBnicher,  1907,  p.  91.     9.    Wisconsin;  at  Rtbes  oxyacarUhoides, 

Smith,  1910,  p.  698.    Greenwood  Lake  and  Westville,  New  Jersbt. 

Franklin,  1913,  p.  277.  "  It  is  not  very  common  in  northern  New  England 
but  apparently  grows  much  more  so  southward.  In  southern  New  England  it 
is  quite  a  common  species,  though  less  so  than  several  others.  It  ranges  south- 
ward through  to  Middle  Atlantic  States  into  Sottth  Carolina  and  Georgia, 
where  it  again  appears  to  be  rare,  and  westward  certainly  as  far  as  Ramsey 
County,  Minnesota,  and  probably  somewhat  farther."  Pittsburgh,  Penn- 
sylvania.  Nest. 

Franklin,  1916,  p.  413.   Fargo,  North  Dakota;  (Stevens). 

Viereck,  1916,  p.  757.  Branford,  Colebrook,  New  Haven,  and  Salisbury, 
Connecticut. 

Bequaert,  1920,  p.  9.  Aubumdale,  Dedham,  and  Sherbom,  Massachu- 
setts; at  Ceanathus  americana. 

[T.]  aflOnis  novsB-angliflB  Bequaert,  1920,  p.  6.  ForestHills*  and  Sherborn, 
Massachusetts.  Brooklyn,  New  York.  Suggests  that  B,  juxtus 
Titus,  1902,  pp.  39,  43,  from  Woods  Hole,  Massachusetts,  is  this 
variety. 

cUaskensis.    See  flavifrons, 

alata.    See  p.  (502.). 

albertensis.    See  rufodnctxis. 

[P.]  alboanalis  Franklin,  1913,  p.  385.  9  or  g.  New  name  for  the  fol- 
lowing misidentifications. 
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B.  sitkeTisis  Ashmead,  1902a,  p.  126  (part).  Kukak  Bay, 
Alaska;  VII.  Bering  Island  (Stejneger)  and  Copper  Island  (Bar- 
rett-Hamilton), Siberia. 

(?)  B,  sitkensis  Viereck,  1904,  p.  99.  Vancouver,  British 
Columbia;  VI;   (Harvey). 

Franklin,  1913,  p.  385.  Kodiak  and  Popo£f  Island,  Alaska;  (Kincaid). 
Smith  1857,  p.  30,  recorded  the  European  hortorum  from  Lake  Winnepeg;  it 
"should  be  referred  either  to  this  species,  the  locality  labels  of  Smith's  speci- 
mens having  been  incorrect,  or  possibly  to  B.  mixtusJ* 

cUbocaudaia.    See  weisi . 

[P.]  albonlger  Franklin,  1915,  p.  409.     9  ,  8,  cf .    Cerro  Zunil,  Guate- 
mala;  4000-5000  ft.;    (Champion).    Irazu,  Costa  Rica;    6000- 
7000  ft.;   (Rogers). 
alpina.    See  ardicus, 
[P.]  ambiguuB  Franklin,  1911,  p.  159.     9  ,*  8.    Sisson  and  Santa  Cruz 

Mountains,  California.    Keyport,  Washington. 
[D.]  americanorum  Fabrieius,  1775,  p.  380.    (Apis)  America. 
(?)  Apis  pennsylvanicus  De  Geer,  1773,  p.  575. 
Apis  nidulans  Fabrieius,  1798,  p.  274.    North  America. 
Fabrieius,  1804,  p.  346. 
B.  nidulans  Fabrieius,  1804,  p.  346. 
Bremus  americanorum  Jurine,  1807,  p.  260. 
Centris  americanorum  Lepeletier,  182£,  p.  795. 
Harris,  1835,  p.  70.    Massachuseits. 
Greene,  1860,  p.  172.    "Western  America." 

B,  pallidus  Cresson,  1863,  p.  92.     9 .   St.  Louis,  Missouri;  (Norton). 
B,  pennsylvanicus  Cresson,  1863,  p.  94.    9,  5?,  not  the  cf.    Connecticut. 
New  York.     New  Jersey.     Pennsylvania.     Delaware.    Maryland. 
Virginia.     Illinois.     Kansas.     Florida.     Texas.     The  nest  (p.  164) 
from  Gloucester,  New  Jersey,  contained  ^^Apathvs  elaiusy 

Apathus  eUUus  Cresson,  1863,  p.  114.  cp.  Gives  as  synonyms  Apis  alaia 
Fabrieius,  1798,  p.  274,  and  Bombus  ekUus  Fabrieius,  1804,  p.  352. 

B.  pennsylvanicus  Packard,  1864,  p.  111.  Maine.  Boston,  Massachu- 
setts. 

B.  pennsylvanicus  Riley,  1870,  p.  303.    Le  Roy,  New  York. 
B.  pennsylvanicus  Cresson,  1872,  p.  285.    Basque  County  (Belfrage)  and 
Dallas  County  (Boll),  Texas. 
B.  pennsylvanicus  Cresson,  1875,  p.  728.    Eastern  Nevada;  (Yarrow). 
B.  pennsylvanicus  Cresson,  1876,  p.  210.    Davenport,  Iowa;  (Putnam). 
Apathus  ehtus  nidulans,  B.  pennsyhninicus  americanorum  and  B.  p.  paUidus 
Cresson,  1879,  p.  230. 

B.  pennsylvanicus  Pat  ton,  1879,  p.  367.    Northwestern  Kansas;   IX;  at 
Solidago;  (Willis  on). 
B.  pennsylvanicus  Bowles,  1880,  p.  33.    Montreal  and  Quebec,  Canada; 
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(Provancher). 

Apathus  elatus  Provancher,  1882,  p.  269.    St.  Anne  de  Lap^rade,  Canada. 

B,  pennsykanicus Handlirsch,  1888,  p.  238  (part).   Georgia. 

B.  pennsylvanicus  Coville,  1890,  p.  200.  Discusses  the  '^elaius''  question. 
See  also  Robertson,  1890,  p.  40. 

Robertson,  1891o,  pp.  569-597.  Carlinville,  Illinois;  at  Asclepias  verticil- 
laUij  incamatay  comutif  and  purpurescensj  Gentiana  andrewsiiy  Linaria  vulgaris^ 
Phlox  divaricata,  Polemonium  reptanSj  Hydrophyllum  virginicum  and  appendi- 
culatuniy  Mertensia  virginica,  Ipomcea  panduaratay  Convolvulus  sepium^  Sola- 
num  nigrum  and  carolinense^  Verhascum  thapsusj  CoUinsia  vema^  Pentstemon 
pubescens  and  kevigatus  digitaliSf  Veronica  virginicOy  Seymeria  macrophyUa, 
Gerardia  pedicularia,  purpurea,  tenuifoliay  and  auriculata. 

Robertson,  1894,  pp.  436-475.  Macoupin  County,  Illinois;  at  Prunua 
serotinaf  Rubus  villosuSf  PotentiUa  canadenstSt  Rosa  humilis  and  setigerOy  Pyrus 
coronariaf  Crakegus  coccinea  and  crusgcdliy  Veronia  fasdculata  (printed  nove- 
boracensis  but  changed  by  author  in  copies  he  sent  out),  Ladnaria  ["Liatris"] 
pycnostachyay  Solidago  canadensiSj  nemoralisj  and  lanceoUUay  BoUonia  aste- 
roidesy  Aster  novoeanglia:  and  panicukUuSy  Anlennaria  planlaginifoliay  SU- 
phium  ladniatumy  Helianthus  moUiSy  grosseserratusy  and  luberosusy  Verbesina 
hdianlhoides,  Coreopsis  palnuUa,  tripteriSy  and  aristosay  Bidens  chrysanthe- 
moidesy  Helinium  autumnaUy  and  Cnieus  aUissimuSy  aUissimus  discolory  and 
lanceolaius. 

Robertson,  1895,  pp.  140-143,  145,  148.  At  Gentiana  puberuUiy  Frasera 
carolinensis,  Phlox  pilosay  lAthospermum  canescenSy  Mimvlus  alatus  and 
ringens. 

Robertson,  1896,  pp.  156,  159,  160,  162,  165,  175,  176,  178.  At  Podo- 
phyllum peliaiumy  ^EsculuSy  Astragalus  canadensis  and  mexicanvsy  Gymno- 
cladus  canadensisy  Aster  ericoides  vioUosuSy  SUphium  perfoliatumy  and  Rud- 
heckia  Uiciniata. 

Robertson,  1896a,  p.  158.    At  Rhamnus  lanceolata. 

Psithyrus  elatus  Dalla  Torre,  1896,  p.  569. 

Cockerell,  1898d,  p.  71 .    Mesilla  Valley,  New  Mb  xico. 

Robertson,  1898a,  pp.  230-244.  At  Lespedeza  reticulaiay  Corrtus  paniculataj 
Viburnum,  pubescenSy  Lonicera  svllivantii,  and  HeliarUhus  divaricatus. 

Cockerell  and  Porter,  1899,  p.  388.  Las  Vegas,  New  Mexico;  VI-X; 
at  Cleome  serrulala;  (Rishel). 

PsUhyrus  cevaUuB  Cockerell,  1899,  p.  157.  Las  Cruces,  New  Mexico; 
VIII;  a.t  CevaUia  sinuata.  Also  Mesilla  Park,  New  Mexico;  XI;  Sit  Aster 
canescens  viscosus. 

B.  pennsylvanicus  Cockerell,  1899c,  p.  3.  Baldwin,  Douglas  County, 
Kansas  ;   ( Bridwell ) . 

B.  pennsylvanicus  Birkman,  1899,  p.  245.    Fedor,  Lee  County,  Texas. 

B.  pennsylvanicus  Meehan,  1902,  p.  35.  Visited  blue  Lobelia  syphilitica 
but  not  scarlet  Jjobelia  cardinalis. 

B.  titusi  Ashmead,  1902,  p.  50.  cf.  Lamar.  Colorado;  IX:  (Gillette); 
see  Titus,  1902,  p.  42. 

Barks,  1902,  p.  212.    Sleeping  habits. 

B.  pennsylvanicus  Titus,  1902,  p.  42.  Fort  Collins,  Foothills,  Livennore, 
VirpiT^ia  Dale,  Julesburg,  and  Rocky  Ford,  Colorado;  VI-IX. 
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B.  pennsylvanicus  Harris  and  Kuchs,  1902,  p.  25.  St.  Joseph,  Missottbi; 
at  SoUmum  rostratum. 

Viereck,  1903a,  p.  119.  College  Park  and  Chestertown,  Martuind, 
VI-X;  (Vanatta). 

B.  pennsylvanicus  Viereck,  1906,  p.  238.  Oak  Creek  Canyon,  Arizona; 
VIII;  (Snow). 

Britton  and  Viereck,  1906,  pp.  217,  220.  At  Pyrw.  malua  and  Rvbus 
niffrobaccus, 

Cockerell,  1906,  p.  313.    "Upper  to  Middle  Sonoran." 

B,fervidu8  Fairchild  and  Barrett,  1906,  p.  13  (?;  synon3rmy)Ede  Franklin). 
Arlington  Farm,  Virginia  (?).   Description  of  copulation. 

Graenicher,  1907,  pp.  22,  31,  40,  44,  93,  94.  9 .  Wisconsin;  at  Uvularia 
grandifloraj  Erythronium  americanum^  Salomonia  hiflora,  TrUHwn  eredum, 
Ribes  cynofkaii  and  gracile. 

Swenk,  1907,  p.  296.  Lincoln,  Omaha,  South  Bend,  Cedar  Bluffs,  Weeping 
Water,  Nebraska  City,  West  Point,  Neligh,  Broken  Bow  and  Brown,  Rock, 
and  Hitchcock  Counties,  Nebraska;  at  AntragaluSt  Rvbus,  MatuSi  Peialo- 
stemon^  BerbenOf  CarduuSj  Cassia,  Psoralea,  Monarda,  SoUxnum,  Vemonia^ 
Solidago,  and  Helianthus, 

Cockerell,  19076.  p.  257.  Boulder,  Colorado;  VIII,  IX;  at  sunflower 
and  Melilotus  alba;  (Weston,  W.  P.  Cockerell,  Rohwer). 

B.  pennsylvanicus  Fletcher  and  Gibson,  1907,  p.  129.  Ottawa,  Ontario; 
(Fletcher). 

B.  pennsylvanicus  Tucker,  1909,  p.  277.  Wichita  and  Lawrence,  Kansas; 
V-IX. 

Cockerell,  1911,  p.  391.    Cuttyhunk  Island,  Massachuseits;  VII. 

Grffinicher,  1911,  p.  249.  Mouth  of  Yellow  River  in  Burnett  County, 
Hudson  in  St.  Croix  County,  Prescott  and  Maiden  Rock  in  Pierce  County, 
and  Fountain  City  in  Buffalo  County,  Wisconsin;  VII,  VIII. 

B.  pennsylvanicus  Franklin,  1913,  p.  399.  Hanover,  New  Hampshire. 
Oaxaca,  Mexico.  '' Common  throu^out  the  U(  ited  States,  east  of  the 
Rocky  Mountains,  except  in  some  of  the  most  northern  ones.'' 

B,  pennsylvanicus  Franklin,  1915,  p.  414.  Fargo,  North  Dakota; 
(Stevens).    Jalisco,  Mexico;  (Schumann). 

B.  pennsylvanicus  Cockerell,  1917a,  p.  192.  San  Benito,  Texas;  (W.  P. 
Cockerell). 

Cockerell,  1919c,  p.  27.   Boulder,  Colorado;  X;  &i Salvia  pHeheri. 

Bequaert,  1920,  p.  9.     Botson,  Lexington,  and  Sherbom,  Massachusetts. 

It  seems  that  americanorum  is  a  better  name  than  pennsylvanicus, 
as  the  identity  of  the  latter  is  too  uncertain;  and  Franklin,  after  an  ex- 
haustive discussion,  states  that  he  is  of  the  opinion  "that  De  Geer's 
figure  was  really  made  from  a  specimen  of  auricomusJ'  In  this  connec- 
tion see  Robertson,  1920,  p.  14. 

antiguensis.    See  p.  (503). 

[B.]  appositus  Cresson,  1878a,  p.  183.     9*,  8,  c?.    Colorado.*    New 
Mexico.    Utah.    Nevada. 
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(?)  B.  borealis  Cresson,  1876,  p.  210.    Empire,  Colorado. 

Cockerell,  IQlOrf,  p.  128.   New  Castle,  Colorado;  at  Carduus;  (Robbins). 

Tucker,  1909,  p.  277.     Buffalo,  Colorado;  VIII. 

Frauklin,  1913,  p.  285.  "Appears  to  be  confined  to  the  mountain  ranges 
and  higher  lands  of  the  western  United  States  and  to  the  southwestern  portion 
of  Canada  (probably  the  lower  lands)."  Washington.  Chino,  southern 
California.    Western  Montana.  Wyoming. 

Cockerell,  19156,  p.  483.  Corona,  Colorado;  above  timber  line;  at 
Trifolium  dasycarpum;  (Kenoyer). 

Sladeo,  1919,  p.  126.    Connects  borealis  with  the  Eurasian  disiinguendvs. 

See  borealis. 

[K.]  arctlcus  Kirby,  1821,  p.  216.  9,  c?.  Boothia  Felix,  Arctic 
America.    (See  Meade- Waldo,  1916,  p.  469.) 

For  various  probable  but  uncertain  references  in  synonomy  see  Franklin, 
1913,  p.  302,  and  Dalla  Torre,  1896,  pp.  611, 524. 

B.  ffrcenlandiciLS  (Westermann)  Smith,  1854,  p.  393,  9 .    Greenland. 

(?)  B.  hyperboreus  Schmiedeknecht,  1882,  p.  308.  Arctic  regions  of  Europe 
and  Siberia. 

B.  hyperboreus  Fox,  1892,  p.  135.  Disco  Island,  lat.  69**  10',  West  Green- 
land; VI,  VIII;  (Mengeland  Hughes). 

Bremus  hyperboreus  Frison,  1919,  p.  456.  76**  30'  N.  to  78**  20'  N. ;  Crocker 
Land  Expedition.    Believes  that  arcticus — hyperboreus  Schonherr,  1809,  p.  57. 

Sladen,  1919a,  p.  28g.  cf,  9 .  Bernard  Harbour,  Northwest  Terri- 
tories acd  Herschel  Island,  Yukon  Territory;  (Johansen).  Collinson 
Point  (Johansen),  Barter  Island  (Jenness),  Alaska;  "*Cape  Ross,  Melville 

Island,  Northwest  Territories,  by  Emiu  (Eskimo),*  (V.  Stefansson) 

Bombus  arcticus  iaprohsbly  the  JB.  %per6oreus  of  European  authors,  found  in 
Greenland  and  Arctic  Eurasia." 

asptoni.    See  Psithyrus  ashtoni, 
astragali.    See  rufocindus, 
atrifasdatus.    See  kirbyeUua, 
aztecus.    See  fervidus  dorsalis. 

[A.]  auricomuB  Robertson,  1903,  pp.  176,  177.  (Bombias)  9,  8,  cf . 
Carlinville,  Illinois. 

B.  pennsylvanicus  Cresson,  1863,  p.  94.     9  (part),  8  (part),  cf . 
B.  nevadensis  Handlirsch,  1888,  p.  245.    cf . 
B.  pennsylvanicus  Robertson,  1890,  p.  40. 

B.  pennsylvanicus  Robertson,  1891a,  pp.  571,  573,  574,*580,  589,  591.  At 
Asdepias  incamata^  comutiy  and  stdlivantii,  Mertensia  uirginicaj  CoUinsia 
vemay  and  Penistemon  hmgatus  digitalis. 

B.  pennsylvanicus  Robertson,  1894,  pp.  438-475.  Macoupin  County, 
Illinois;  at  Rubus  viUosuSj  Pyrus  coronarUij  Cratagus  crusgaUif  Vemonia 
fascicidata  (printed  noveboracensis  but  changed  by  the  author  in  copies  sent 
out),  Eupatorium  purpureuniy  Helianihus  grosseserraiusy  and  Cnicus  altissimus, 
aUissimus  discolor^  and  lanceolalus. 

B.  pennsylvanicus  Robertson,  1895a,  p.  143.    At  Phlox  pilosa. 
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(?)  B.  pennsybanicus  Britton  and  Viereck,  1906,  p.  213.  Connecticut;  at 
Ribes  nigrum. 

Bombias  auricomua  Viereck,  1906,  p.  240.  Magdalena  Mountains,  New 
Mexico;  VII;  (Snow). 

Bombias  auricomus  Swenk,  1907,  p.  295.  Lincoln,  Omaha,  South  Bend, 
West  Point,  and  Dundy  County,  Nebraska;  V-X;  at  Ribes,  Astragalus, 
Fragaria,  Rubus,  Antirrhinum,  and  Carduus. 

Bombias  auricomus  Sniith,  1910,  p.  699.  Caldwell  and  WestviUe,  New 
Jersey. 

Bombias  auricomus  Graenicher,  1911,  p.  249.  Hudson  in  St.  Croix  County 
and  Prescott  in  Pierce  County,  Wisconsin;  VII,  VIII. 

B.  (Bombias)  auricomus  Franklin,  1913,  p.  413.  Canada  (probably  south- 
ern Ontario).  New  York.  Massachusetts.  Pennsylvania.  Mary- 
land. Delaware.  Virginia.  North  Carolina.  Tennessee.  Ken- 
tucky. Ohio.  Indiana.  Illinois.  Michigan.  St.  Paul,  Minnesota. 
Missouri.   Iowa.   Greenville,  Texas.   Kansas.   Virginia  Dale,  Colorado. 

Bombias  auricomus  Viereck,  1916,  p.  759.    Branford,  Connecticut;  V. 

badiocoUis.    See  ephippiatits, 
baUeatiis.    See  kirbyeUus, 
bicolor.    See  rnbicundus, 
bifarius.    See  edwardsii. 

[P.]  bimaculatus  Cresson,  1863,  p.  92.    cf .    Connecticut;   (Noiton). 
B.  ridingsii  Cresson,  1878a,  p.  182.     9 ,  8.    West  Virginia;  (Ridings). 
Cresson,  1879,  p.  230.    Massachuseits.   B.  ridingsii:  Canada. 
B,  ridingsii  Robertson,  1891a,  pp.  579,  580,  589,  594.    At  Hydrophyllum 
virginicum  and  appendicidatum,  Mertensia  virginica,  CoUinsia  vema,  and 
Seymerin  macrophylla. 

B.  riaingsii  Robertson,  1894,  p.  447.    Macoupin  County,  Illinois;    at 
Amelanchier  canadensis. 
B.  separatus  Dalla  Torre,  1896,  p.  546  (part). 

B.  ridingsii  Britton  and  Viereck,  1906,  pp.  216,  217,  220.  Connecticut; 
at  Prunus  persica,  Pyrus  malus,  and  Rubus  nigrobaccus  and  strigosus. 

B.  ridingsii  Swenk,  1907,  p.  296.  South  Bend  and  Omaha,  Nebraska; 
V;  at  Rubus  ocdderUalis.  "We  have  never  taken  workers  or  males''  in 
Nebraska. 

Lovell,   1907,  p.   199.     Waldoboro,  Maine;  at  Rhodora  canadensis  and 
DierviUa  trifida. 
Smith,  1910,  p.  698.    Philadelphia,  Pennsylvania. 

Frankliif?  1913,  p.  305.  "  Ver\'  rare  in  southeastern  Canada,  ranging  south- 
ward through  New  England  and  Middle  Atlantic  States  into  Georgia  and 
Alabama"  and  Louisiana. 

Viereck,  1916,  p.  758.  New  Haven,  Branford,  and  Southington,  Con- 
necticut; V-VII. 

Bequaert,  1920,  p.  9.    Forest  Hills,  Cohasset,  and  Sherborn,  Massachu- 
setfs. 
[P.]  bolsteri  Franklin,  1913,  p.  357.     9  ,  S.    Bay  of  Islands,  Little  River, 
and  Humber  River  near  Deer  Lake,  Newfoundland. 


Digitized  by 


Google 


1920]  LiUz  and  CockereUf  Notes  on  American  Bees  509 

Lutz,  1916,  p.  515.  cf.  Spruce  Brook  (Leng)  and  Codroy  (Gratacap), 
Newfoundland. 

[B.]  borealis  Kirby,  1837.     9  .    Lat.  65°,  North  America. 

Cresson,  1864,  p.  41.  9,  t?,  cf.  Canada;  (Saunders).  New  York; 
(Ashton). 

B.  fervidtis  Putnam,  1864,  p.  99.  Bridport,  Vermont.  Warwick,  Massa- 
chusetts.   Nest. 

Cresson,  1879,  p.  230.    New  Hampshire.    West  Virginia. 

B.  fervidns  Radoszkowski,  1884a,  p.  77.  Based  one  of  his  groups  on  this 
species. 

Provancher,  1888,  p.  340.   Ottawa  and  Cap  Rouge,  Canada. 

Coville,  1890,  pp.  198.  201.    Ithaca,  New  York.    Habits. 

Evars,  1896,  p.  13.    Sudbury,  Ontario. 

Lovell,  1898a,  p.  387.    At  Comus  alolonifera. 

Lovell,  1907,  p.  198.  Waldoboro,  Maine;VIII-IX;  at  Pontederia  cordaia, 
Vicia  cracca,  and  Trifolium  prcUense. 

Fletcher  and  Gibson,  1908,  p.  111.    Beaver  Lake,  Alberta;  (Halkett). 

Smith,  1910,  p.  698.   New  Jersey. 

Graenicher,  1911,  p.  249.  Gordon  in  Douglas  County,  Swiss  and  the  mouths 
of  the  Nemakagon  and  Yellow  Rivers  in  Brunett  Counties,  Divide  in  Vilas 
County,  and  Jacksonport  in  Door  County,  Wisconsin;  VII,  VIII. 

Franklin,  1913,  p.  282.  Newfoundland.  New  Brunswick.  Quebec. 
Nepigon  and  Lake  of  Bays,  Ontario.  Manitoba.  Amherst,  Massachu- 
setts. Michigan.  St.  Paul  and  Lake  Itasca,  Minnesota.  '^  In  western 
Canada  its  range  seems  to  end  on  the  eastern  side  of  the  Rocky  Mountains 
where  it  is  completely  replaced  by  its  close  ally,  B.  appositns" 

Franklin  1915,  p.  414.  Fargo,  North  Dakora.  Detroit  and  Moorhead, 
Minnesota;   (Stevens). 

Lutz,  1916,  p.  520.  Boisedale  and  Cape  Breton  Island  (Leng)  and  Codroy 
(Gratacap),  Newfoundland.    Campo  Bello  Island,  New  Brunswick. 

Sladen,  1919,  p.  126.  Related,  through  appositusj  with  the  Eurasian  dis- 
tinguendus. 

See  appoaUus. ' 

hrachycephalus.    See  diligens, 

cajennensis  and  cayennensis.    See  incarumj  medius,  and  mexicanus, 
[D.]  calif ornicuB  Smith,  1854,  p.  400.     9   (not  the  c?).    California. 
Cresson,  1863,  p.  97.     9  only. 

B.  dubius  Cresson,  1863,  p.  97.  S  (the  "?"  removed  in  Cresson,  1916,  p. 
117).    Western  Kansas;  (Norton).  • 

Cresson,  1875,  p.  728.    Eastern  Nevada;  (Yarrow). 
Apathus  ?  calif omicus  Cresson,  1879,  p.  214.    ^,   California ;  (Edwards) . 
Cresson,  1879,  p.  230.    Nevada.   Oregon. 
B.  dubius  Cresson,  1879,  p.  230.,  Colorado. 

B.  consanguineus  Handlirsch,  1888,  p.  239.  9 ,  U,  cT.  Vancouver  Island 
and  mainland,  Briiish  Columbia. 

Fox,  1893,  p.  23.  El  Rosario,  Lower  California.  Mexico;  V;  (Haines). 
See  Cockerell,  18996,  p.  19. 
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B.  dubius  Cockerell,  1893,  p.  338.  Near  Swift  Creek,  Custer  County, 
Colorado. 

Fowler,  1902,  p.  317.  Berkeley,  Redoudo,  and  San  Diego,  Cauforkia; 
II-XI. 

B.  dibius  Titus,  1902,  p.  40.  Fort  Collins  and  Westlake,  8000  ft.,  Colorado, 
VII. 

B.  neglectidus  Ashmead,  1902,  p.  124.     9 ,  ^.    Alaska. 

Cockerell,  1903,  p.  452.    Alum  Rock  Park,  California;  (Ehrhorn). 

Viereck  et  oZ,  1904,  p.  99.  Corvallis  and  Mt.  Hood,  Oregon.  Washing- 
ton. V,  VI,  IX-XI. 

Cockerell,  1904e,  p.  89.    lios  Angeles  and  CataUna  Island,  California. 

Psithyrus  califomicus  Cockerell,  1904e,  p.  90.    Switzers,  California. 

B.  dubius  Cockerell,  1906d,  p.  453.  Florissant,  Colorado;  VII;  at  /rw 
missouriensis  and  white  Carduus. 

Fletcher  and  Gibson,  1907,  p.  128.  Prince  Albert,  and  Calgary,  Alberta; 
VII. 

Fletcher  and  Gibson,  1908,  p.  111.  Olds,  Alberta,  (Willing);  and  Dun- 
cans, (Fletcher).  If  this  Duncans  is  the  one  in  Ontario  the  record  seems 
doubtful. 

Tucker,  1909,  p.  277.    Tabernash,  Colorado;  VIII. 

Davidson,  1911,  p.  66.  San  Bernardino  Mountains  up  to  6000  ft., 
California. 

Franklin,  1913,  p.  393.  "All  the  Pacific  states  and  territories,  except 
Montana  and  Arizona"  (See  below).     Magdalena  Mountains,  New  Mexico. 

Franklin,  1915,  p.  414.    Beaver  Creek,  Montana;  6300  ft.;  (Hunter). 

See  vosnesenskii, 

carriei.    See  frigidus. 
castoris.    See  rufocinctus. 

[P.]  centralis  Cresson,  1864,  p.  41 .    9  .   Fort  Crook,  California;  (Ulke). 
1879,  p.  231;  Colorado. 

B.juxtus  Cresson,  1878a,  p.  187.  Colorado;  (Morrison).  1879,  p.  231: 
Nevada. 

B.flatrifrom  Handlirsch,  1888,  p.  231  (part). 

B.  juxtus  Cockerell,  1898d,  p.  71.  Santa  F6  Canyon,  Ruidoso  Creek,  New 
Mexico. 

B.  monardw  Cockerell  and  Porter,  1899,  p.  387.  Monument  Rock,  Santa 
F6  Canyon*  (8000  ft.)  and  Rio  Ruidoso  (White  Mountains,  6500-6600  ft.). 
New  Mexico;  VII,  VIII;  at  Monarda  strtcUiy  PontentUla  thurbeori,  and 
Allium  cemuum;  (Cockerell,  Town  send). 

B.  juxtus  Cockerell,  1898d,  p.  71,  and  Cockerell  and  Porter,  1899,  p.  390. 
New  Mexico:  Beulah;  Harvey's  Ranch,  9600  ft. ;  South  Fork,  Eagle  Creek, 
White  Mountains,  8000-8900  ft.;  Rio  Ruidoso,  6500-8300  ft.;  east  of  Santa 
F6,  7400  ft.;  Santa  F6  Canyon,  .7600  ft  ;  V-VIII;  at  Iris  missouriensis, 
Sicyos  parviflorus,  Briiionastrum  pallidum^  Verbascum  thapsus^  Pnmdla 
vulgaris,  Vicia,  Monarda  strida,  Mentzelia  rusbyi,  Solidago  trinervaia,  Verbena 
stridOj  Allium  cernuum,  Geranium  richardsoni,  Senecio,  Cnicus  oxid  Rudbeckia; 
(Porter,  Cockerell,  Townsend,  Wooton). 
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B  juxtm  Titus,  1902,  p  43.  Livennore,  Fort  Collins,  Virginia  Dale, 
Estes  Park  (Gillette),  North  Park  (Ball),  and  Palmer  Lake,  Colorado; 
VII,  VIII.  The  record  from  Woods  Hole,  Massachusetts,  is  certainly  either  a 
mistake  or  an  accident.    (See  affinis  novoB-anglice.) 

Cockerell,  1904,  p.  234.    Manitou,  Colorado;  IV;  &t  Ribes  leplanthum. 

Cockerell,  1906,  p.  313.    Cloudcroft,  New  Mexico.    "Canadian  Zone." 

B.  juxtm  Cockerell,  1906d.  p.  453.  Florissant,  and  Four  Mile  on  the 
Cripple  Creek  road  (Bentley),  Colorado;  VI,  VII. 

B.  juxtus  Swenk,  1907,  p.  297.  "Pine  Ridge  Country,"  Sioux  County, 
Nebraska;  V-IX. 

B.  juxtus  Cockerell,  19076,  p.  257.    Boulder,  Colorado. 

(?)  B.  praticoliis  Fletcher  and  Gibson,  1908,  p.  Ill  (part). 

Cockerell,  1910(i,  p.  128.  Meeker,  New  Castle,  and  Rifle  Gap,  Colorado; 
at  Cleome  semUata;  (Robbins).    Centralis  considered  a  valid  race  of  juxtus. 

B.  juxtus  Davidson,  1911,  p.  66.  Seven  Oaks  and  Bear  Valley,  San  Ber- 
nardino Mountains,  California. 

Franklin,  1913,  p.  371.  British  Columbia.  Washington.  Idaho. 
Western  Montana.    Oregon.    Wyoming.    Nevada.    Utah.    Arizona. 

B.  juxtus  Cockerell,  1919c,  p.  272,  Gold  Hill,  Colorado;  8600  ft.;  VII; 
at  Frasera. 

cevaUicB,    See  americanorum. 

[P.]  cockereUi  Franklin,  1913,  p.  356.  9,8.  New  name  for  B,  prunellce 
Cockerell  and  Porter,  1899,  p.  391,  in  p€irt.  Rio  Ruidoso,  White 
Mountains,  New  Mexico;  6500-8200  ft.;  VII,  VIII;  at  Monarda 
stricta^  Verbena  striday  Solidago  trinervata,  Prunella  vulgaris y  Poten- 
iiUa  thurberi.  Rhus  glabray  Siq^os  pannfioricSy  Geranium  atropur- 
pureum,  Vida  near  pulchella,  Commelina  dianihifolia,  and  Mentzelia 
rusbyi.  Franklin  states  that  Cloudcroft,  New  Mexico,  is  the  only- 
other  known  locaUty  and  gives  sy;nonomy  which  questionably  in- 
volves B,  consimilis  of  Viereck,  1902,  p.  44  (Beulah,  New  Mexico; 
VI)  and  of  Cockerell,  1906,  p.  313. 

B.  prunellce  Cockerell,  1901c,  p.  38.   At  Commelina  dianthifolia. 
coloradensis.     See  occidentalism 
columbicu^s.    See  vosnesenskii. 
consanguineus.     See  califamicus, 
consimilis.     See  cockereUi  and  vagans. 
cooleyi.     See  edwardsii. 
[P.]  couperi  Cresson,  1878a,  p.  185.     9  .    Canada;  (Couper). 

Fletcher  and  Gibson,  1908,  p.  111.  Nepigon,  Ontario;  (Fletcher).  Anti- 
C08TI  Island,  Canada;  (Schmitt). 

Frarklin,  1913,  p.  360.  Labrador.  Mountains  east  of  Codroy  and  Bay 
of  Islands,  Newfoundland.    Isle  Royale,  Michigan. 

Bremus  couperi  Frison,  1919,  p.  451.    5^,  cf.    Painsec,  New  Brunswick; 
(Sladen). 
See  friffidus. 
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cressoni.     See  nevadensis. 

[F.]  crotchii  Cresson,  1878a,  p.  184.    9  .    California;  (Crotch). 

B.  nigrocinctm  Provancher,  1888,  p.  342. 
Fowler,  1902,  p.  317.    Tulare  and  Ventura,  California;  V,  VI. 
B.  (Bombias)  crotdiii  Franklin,  1913,  p.  434.    Los  Angeles  County,  San 
Bernardino  County,  San  Josd,  Ontario,  Ciaremont,  and  San  Diego,  Caupor- 

NIA. 

derhamellus.    See  frigidxLs  and  sitkensis. 

[F.]  diligens  Smith,  1861,  p.  154.   Oaxaca,  Mexico. 

B.  hrachycephalus  Handlirsch,  1888,  p.  244.  9,  8,  cf.  Orisaba,  Mexico; 
(Bilimek). 

Fox,  1895,  p.  272.    Tepic,  Mexico. 

B  (Bombias)  brachycephalus  Franklin,  1913a,  p.  143. 

Franklin,  1915,  p.  411.  Omilteme,  Guerrero,  Mexico;  8000  ft.  El 
Jicaro,  Vera  Pas,  and  San  Geronimo,  Guatemala;  (Champion). 

dimidiatuB,    See  flamfrons. 

[D.]  dolichocephalus  HandUrsch,  1888,  p.  244.    9,8.   Orizaba,  Mexico; 
(Bilimek). 

Franklin,  1913a,  p.  108.  cf.  Orizaba,  Mexico.  OlasdeMoka,  Sok)la, 
Guatemala;  3000  ft. 

Franklin,  1915,  p.  415.  Mexico:  Amula  (6000  ft.),  Xycumanatlan  (7000 
ft.),  and  Acaguizotla  (3500  ft.) — all  in  Guerrero — ;  Tepic  and  Jalisco, 
(Schumami). 

dorsalis.    See  fervidus  dorsalis. 

dvbixis.    See  calif omicus. 

[P.]  edwardsii  Cresson,  1878a,  p.  184.     9  ,  8*,  (not  cf ).    California.* 

Vancouver  Island,  British  Columbia;   (Edwards).    Colorado; 

(Morrison).    Possibly  one  of  the  last  two  is  erroneous. 

(?)  B.  temarius  Putnana,  1876,  p.  189,  and  Cresson,  1876,  p.  210.  Fort 
Bridger,  Wyoming.   Empire,  Colorado. 

B.  bifarius  Cresson,.  1878a,  p.  185.  9*,  8.  Colorado.*  Vancouver 
Island,    British  Columbia. 

B.vancouverensi8Cre88onflS7Sa,p.  187.  d^  (in  part).  Vancouver  Island, 
British  Columbia;  (Edwards). 

B.  iernarius  lacustris  Handlirsch,  1888,  p.  230. 

B.  neardicus  Handlirsch,  1888,  p.  243.     9,8,  cf .    British  Columbia. 

(?)  B.  temanus  Cockerell  and  Porter,  1899,  p.  390.  Rio  Ruidoso  (6700- 
8200  ft.),  Beulah,  Harvey^s  Ranch  (9600  ft.),  Aztec,  and  Mescalero,  New 
Mexico;  V,  VII,  VIII;  at  Rudbeckia  laciniaiay  Verbascum  thapsus.  Merit' 
zelia  rusbyiy  Monarda  strictay  Vida  near  pulchella,  Solidago  trinervata,  Iris 
missouriensis,  and  wild  plum;  (Towr.send,  Porter,  Nead,  and  Otis).  This 
reference  may  belong  to  huntii. 

B.  bifanus  Titus,  1902,  p.  43.  Fort  Collirs,  Boulder,  Westlake,  Rist 
Canyon,  Marshall  Pass,  Alder,  Lamar,  Cimmaron,  Ward,  Muldoon,  Palmer 
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Lake.  Ridgeway,  and  Steamboat  Springs,  Colorado;  V-VIII;  (Bruneo, 
Gillette,  and  Ball). 

B.  "nearticus'*  Ashmead,  1902a,  p.  127.  Juneau,  VII,  and  Wrangell  (Wick- 
ham),  Alaska. 

B.  temarius  bifarius  Viereck,  1902,  p.  44.  Beulah,  New  Mexico;  VI; 
at  Jamesia  americana. 

B.  cooleyi  Morrill,  1903,  p.  222.  9 .  Bridger  Mountain  (6000  ft.),  Boze- 
man  (4800  ft.),  Middle  Creek  Canyon,  and  Bridg^n  [Bridger  ?]  Canyon, 
Montana;  VI,  VII;  (Cooley). 

B.  bifarius  Viereck  et  al.y  1904,  p.  99.    Washington. 

(?)  Viereck  et  al.,  1904,  p.  100.   Fort  McLeod,  Canada;  VIII. 

Cockerell,  1906,  p.  313.  Pecos,  New  Mexico;  VI;  at  Fallugia;  (W.  P. 
Cockerell). 

Cockerell,  1906o,  p.  74.   Ward,  Colorado;  9000  ft.;  aiPhacelia, 

Cockerell,  1907c,  p.  97.  California.   Nevada. 

Fletcher  and  Gibosn,  1908,  p.  1 11 .  Mt.  Arrowsmith  and  Duncans,  British 
Columbia;  (Fletcher).    Banfif,  Alberta;  (Sanson). 

B,  edwardsii  cooleyi  and  B.  bifarius  Cockerell,  1910a,  p.  25.  Calgary, 
Alberta;  (Dod). 

(?)  Davidson,  1911,  p.  66.  Sequoia  National  Park,  San  Bernardino  Moun- 
tains, and  San  Fernando,  California.  Nest.  These  may  be  femaldij 
according  to  Franklin,  1913,  p.  329. 

Franklin,  1913,  p.  328.   Idaho.    Utah. 

Bombus  edwardsii  kenoyeri  and  B.  e.  bifarius  Cockerell,  19156,  p.  483.  9  • 
Tolland,  Colorado;  &t  Frasera  stenosepala;  (Kenoyer). 

B.  edvxirdsii  bifarius  Cockerell,  10196,  p.  294.  Timber  line  on  Longs  Peak 
trail,  Colorado;  &t  Elephaniella;  (W.  P.  Cockerell). 

See  femaldi  and  rufocinctus.  Probably  the  varieties,  especially  bifarius, 
should  be.distinctly  recognized. 

ekUus,    See  americanorum,  ferviduSy  and  perplexus, 
[P.]  ephippiatus  Say,  1837,  p.  414.   Mexico. 

B.  lateralis  Smith,  1879,  p.  134.  9.  Val  de  Fuego,  Guatemala.  Irazu, 
Costarica;  6000-7000 ft. 

B.  ephippiatus  lateralis  Handlirsch,  1888,  p.  233. 

B.  schneideri  and  var.  fiUiginosus  Friese,  1903,  p.  253.  San  Carlos,  Costa 
Rica.  Chiriqui,  Panama. 

B.  ephippiatus  lateralis  CmwfoTdylQOQ,  p.  157.  9,8.  Cartago  (4950 ft.), 
San  Jos6  (3550  ft.),  and  (Bruner)  Volcano  Irazu  (OOOO-^OOO  ft.),  Costa 
Rica;  VI;  at  Dahlia.  What  appears  to  be  the  last  paragraph  of  Crawford's 
remarks  on  this  species  refers  to  voluceUoides,  the  name  having  been  omitted 
in  printing. 

Franklin,  1913a,  p.  86.  San  Carlos,  La  Estrella  de  Cartago,  and  Zarsero, 
Costa  Rica.    Ecuador. 

Franklin,  1915,  p.  414.  Purula,  Guatemala.  Volcan  de  Chiriqui,  Panama; 
2000-3000  ft. ;  (Champion) .   Rio  Sarstoon,  British  Honduras. 

B.  schneideri  Friese,  1916,  p.  298.  San  Mateo,  {B.  schneideri  badiocoUis 
Friese)  San  Carlos,  and  (B.  ephippiatus  laterlis  Smith,  p.  299)  San  Carlos, 
all  Costa  Rica. 
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See  nigrodorsaliSj  putcher,  and  wilmaUcp. 
ephippiatus  pulcher.    See  formosuf<. 
expallidus.    See  ternariiis  expallidus. 

[P.]  femaldi  Franklin,  1911,  p.  157.  9  ,  S,  cf".  Santa  Clara  County, 
Lake  County,  Nevada  County,  San  Jos^  County,  Mendocino, 
Sonoma  County,  Palo  Alto,  and  Yosemite,  California.  Nevada. 
And,  B.  edwardsii  Fowler,  1902,  p.  317:  Berkeley  and  San  Francisco, 
California;  II-X.  Franklin  designated  Fowler's  specimens  as 
the  types  of  fernaldi  but  asks  if  "those  specimens  [can]  be  identified 
with  certainty."  Fowler's  description,  in  his  table,  clearly  indicates 
fernaldi  rather  than  edwardsii  as  these  are  defined  by  Franklin. 
ferrugineics.    See  terresfris  moderatus, 

[D.J  fenddus  Fabricius,  1798,  p.  274.    (Apis)  North  America. 
Fabricius,  1804,  p.  352. 
Harris,  1835,  p.  70.    Massachusetis. 
Lepeletier,  1837,  p.  470.     9  .    Philadelphia,  Pennsylvania. 
CressoD,  1863,  p.  93.     9»  8,  cT.    Canada.    Connecticut.    New  York. 
Delaware.    Virginia.    Kansas.    Utah. 
Putnam,  1864,  p.  98  (part).    Warwick,  Massachusetts. 
Riiey,  1870,  p.  303.    Le  Roy,  New  York. 
Cresson,  1875,  p.  728.    Eastern  Nevada;  (Yarrow). 
Putnam,  1876,  p.  189,  and  Cresson,  1876,  p.  210.    Fort  Bridger,  Wyoming. 
Davenport,  Iowa.   Spring  Lake,  Utah. 
Cresson,  1879,  p.  230.    Caufornia. 
Bowles,  1880,  p.  33.    Quebec  and  Montreal,  Canada. 
Provancher,  1883,  p.  735.    Have  not  seen. 

Coville,   1890,  p.  201.     Ithaca,  New  York.     Discussed  the  *'Apathus 
elatus"  error.    See  also  Robertson,  1890,  p.  41. 
Evans,  1896,  p.  13.   Sudbury,  Ontario. 

Cockerell  and  Porter,  1899,  p.  387.    Las  Vegas  and  Rio  Ruidoso  at  about 
6700  ft.  in  White  Mountairs,  New  Mexico;    VII,  VIII;    at  Pelaloslemon 
candidus  and  Vicia. 
Cockerell,  1899,  p.  157.    Pasco,  Washingion;  V;  (Kincaid). 
Cockerell,  1901c,  p.  42.    At  Peialostemon  candidus. 

Tirus,  1902,  p.  40.    Fort  Collins,  Ldvermore,  Antonito,  Trinidad,  Montrose, 
Fort  Lupton,  and  Boulder,  Colorado;  V-IX;  (Gillette  and  Haynes). 
(?)  Fowler,  1902,  p.  317.    San  Diego  and  Berkeley,  California;  V,  X. 
Meehan,  1902,  p.  35.    At  Lobelia  syphilitica. 
(?)  Viereck,  1902,  p.  44.    Beulah,  New^  Mexico. 
B.  pennsylvanicus  Robertson,  1903,  p.  177. 

B.  pennsylvanicus  Viereck  et  al.,  1904,  p.  98.      Condon,  Oregon;   VII, 
IX;    (Cordley). 
Jarvis,  1905,  p.  128.    Ottawa,  Canada. 

Lovell,  1907,  p.  197.  Waldoboro,  Maine;  V-IX;  at  Rhodora  canadensis, 
jEsculus  hippocastanum,  Falcata  comosa^  Trifolium  praiense,  and  Pontederia 
cordata. 
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B.  pennsylvanicus  Swenk,  1907,  p.  296.  Sioux  County,  Lincoln,  Omaha, 
Weeping  Water,  West  Point,  Neligh,  Springview,  and  Gordon,  Nebraska; 
V-IX;  at  AstragaluSj  Rtibusj  Petalostemon,  Monarda^  Mentha^  Carduns, 
Solidago,  and  Helianihus. 

Fletcher  and  Gibson,  1907,  p.  128.    McLeod,  Alberta;  VI;  (Fletcher). 

B.  pennsylvanicus  Graenicher,  1907,  p.  26.  9,  8.  Wisconsin;  a,i  Allium 
cemuum. 

Tucker,  1909,  p.  277.  Wichita,  Kansas;  VIII.  Colorado  Springs  and 
Denver,  Colorado;  VIII. 

Cockerell,  1910ti,  p.  128.    Rifle  Gap  and  Meeker,  Colorado;  (Robbins). 

B.  temarius  Smith,  1910,  p.  698.    Staten  Island,  New  York;  (Davis). 

Cockerell,  1911,  p.  390.   Woods  Hole,  Massachusetts;  /Eleth  Cattell). 

Davidson,  1911,  p.  66.    Loe  Argeles,  California. 

B.  pennsylvanicus  (^*  —fervidus'*)  Graenicher,  1911,  p.  249.  Mouth  of  the 
Yellow  River  in  Burnett  County .  Never's  Dam  in  Polk  County,  and  Maiden 
Rock  in  Pierce  County,  Wisconson;  VII,  VIII. 

Franklin,  1913,  p.  388.  Regina,  Assiniboia.  "This  species  is  present 
throughout  all  the  states  of  the  United  States,  except  as  follows:  Florida, 
Louisiaca,  Alabama,  Mississippi,  the  greater  part  of  Texas,  the  eastern  half  of 
Oklahoma,  the  greater  part  of  Arkansas,  the  greater  part  of  Georgia,  the 
eastern  half  of  North  and  South  Carolina,  eastern  Virginia  and  the  western 
portions  of  Tennessee  and  Kentucky.*' 

Crawford,  1913,  p.  269.  Red  Head,  St.  John,  and  Nerepis,  New  Bruns- 
wick; VII-IX. 

Viereck,  1916,  p.  757.  New  Haven,  Brar.ford,  East  Hartford,  Mt.  Carmel, 
Salisbury,  Torrington,  and  Milford,  Connecticut. 

Cockerell,  1916c,  p.  9.  Whitefish  Point,  Chippewa  County,  Michigan; 
VI :   (Andrews) . 

Cockerell,  19176,  p.  212.  Falls  Church,  Virginia;  at  Hdianthus  annuus 
zoncUus. 

Bequaert,  1920,  p.  9.  Forest  Hills,  Auburndale,  Cohasset,  and  Sherbom, 
M  ass  achusetts. 

See  americanoTum  and  borealis. 

[D.]  fenddUB  dorsalis  Creason,  1879,  p.  280.  9  .  No  locality  given  but 
Cresson,  1916,  p.  117,  says  it  is  C'anada. 

B.  dorsalis  I^vell,  1898a,  p.  385.    (?)  Waldoboro,  Maine ;  at  Chelone  glabra. 

B.  nevadensis  aztecus  Cockerell,  1899a,  p.  389.  9.  Aztec,  Las  Vegas, 
Beulah,  Mescalero  Agency,  ar.d  Rio  Ruidoso  (6700-6900  ft.).  New  Mexico; 
V-VIII;  at  Verbena  bipinnalifiday  Monarda  strida,  Lujjinus  silgreavesii,  and 
Verbascum  thapsus;  (Porter,  Barber,  and  Townsend). 

B.  dorsalis  Viereck,  1906,  p.  238.  Oak  Creek  Canyon,  Arizona;  VII, 
VIII;   (Snow). 

B.  dorsalis  Cockerell,  1906,  p.  313.    "Canadian  to  Upper  Sonoran." 

B,  dorsalis  Cockerell,  1906rf,  p.  453.  Florrissant,  Colorado;  VII;  at 
Capnoides;  (Rohwer). 

[P.]  flavifrons  Crcsson,  1863,  p.  105.  9  ,  9,  c?*.  Fort  Yukon*,  Alaska. 
Hudson  Bay  Territory.  Kansas.  The  latter  is  probably 
erroneoiis. 
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(?)  B.  praticola  Kirby,  1837,  p.  274.     9 .    Lat.  65**,  North  America. 

Putnam,  1876,  p.  195,  and  Cresson,  1876,  p.  210.  Spring  Lake,  Utah 
County,  Utah.    Empire,  Colorado.    (Putnam) 

Bowles,  1880,  p.  33.    Montreal,  Canada. 

Handlirsch,  1891,  p.  452  (part).    British  Columbia. 

Viereck,  1901,  p.  325.    Eagle  City,  Alaska;  65**  30'  N.;  (Kirk). 

Titus,  1902,  p.  43.  Marshall  Pass,  Lizard  Head  (Ball),  and  Ward, 
Colorado;  VIII. 

B  alaskensis  Ashmead,  1902a,  p.  128.  9^  ^.  Sitka  and  Fox  Point, 
Alaska;  VI,  VII. 

B.  dimidiatus  Ashmead,  1902a,  p.  129.  9,5?.  Fox  Point  andWrangell 
(Wickham),  Alaska;  VII. 

B.  flavifrons  veganus  Cockerell,  1903a,  p.  891.  cf .  Top  of  Las  Vegas 
Ran  ge.  New  Mexico  ;  about  1 1 ,000  ft.  Typical  specimens  of  flavifrons  there 
and  above  timber  Ure  on  Truchas  Peaks  (W.  P.  Cockerell),  also  at  Beulah 
(Skinner),  New  Mexico.  1906,  p.  312:  "Arctic  Alpine  to  Canadian." 

Cockerell,  19076,  p.  257.  Eldora  (Rohwer)  and  above  timber  line  on  Ara- 
pahoe Peak  (W.  P.  Cockerell),  Colorado;  VIII. 

B.  praiicolus  Fletcher  and  Gibson,  1908,  p.  111.  St.  Albert,  Alberta; 
(Fletcher).    (?)  Metlakatla,  British  Columbia;  (Keen). 

Tucker,  1909,  p.  277.  Cheyenne  Canyon  near  Colorado  City,  Buffalo, 
and  Colorado  Springs,  Colorado;  VII,  VIII. 

B.  flainfrons  dimidiatus  Cockerell,  1910a,  p.  25.    Calgary,  Alberta. 

Franklin,  1913,  p.  368.  Metlakatla,  Fort  Yukon,  and  Juneau,  Alaska. 
Vancouver,  British  Columbia.  Blue  Mountains,  Washington.  Idaho. 
Montana. 

Sladen,  1916,  p.  84.  Agassiz,  British  Columbia;  VII;  (Treheme).  Nest; 
see  Psithyrus  insularis. 

Cockerell,  19156,  p.  483.  Nebraska  Hill  and  Corona  (above  timber  line), 
Colorado;  at  Trifolium  dasycarpum  and  Mertensia  bakeri;  (Kenoyer). 

Cockerell,  19196,  p.  294.    Hudsonian  zone  on  Longs  Peak  trail,  Colorado. 

See  centralis  and  vosnesenskii.  It  seems  that  dimidiatus^  at  least,  should 
be  recognized  as  a  variety. 

[P.]  fonnosuB  Smith,  1854,  p.  403.  9  .  Oaxaca,  Mexico,  the  published 
locality  (India)  being  wrong;  see  Cockerell,  18996,  p.  19,  and  Meade- 
Waldo,  1916,  p.  469. 

B.  pulcher  Cresson,  1863,  p.  108.     9 .    Jalapa,  Mexico;  (Akhurst). 

B.  ephippiatus  pulcher  Handlirsch,  1888,  p.  233. 

Franklin,  1913a,  p.  91.  Ixtaceihautl,  Popocatepetl  (8000  ft.),  and  Oaumba 
[Orizaba?],  Mexico.  Olas  de  Moka,  Department  Solola,  Guatemala. 
Venezuela. 

Franklin,  1915,  p.  414.  Mexico:  Xucumanatlan,  7000  ft.,  (Smith),  and 
Omilteme,  8000  ft.,  both  in  Guerrero;  Cuidad,  8100  ft.,  (Forrer);  and 
Orizaba.  Santa  Cruz,  San  Geronimo,  and  Capetillo,  Guatemala; 
(Champion). 
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[F.]  fratemus  Smith,  1854,  p.  385.    (Apathus)    cf .    North  America. 

B.  scutellaris  Cresson,  1863,  p.  96.     9  *,  ^ .    Texas*.    Florida. 

Apathus  fratemus  Cresson,  1863,  p.  111.    New  Wied,  Texas. 

B.  sciUellaris  Patton,  1879,  p.  360.  Northwestern  Kansas;  IX;  at  Soli- 
dago;   (Williston). 

B.  scuteUaris  Robertson,  1891a,  pp.  571,  574,  577,  589.  597.  CarlinviUe, 
Ilunois;  at  Asdepias  incamata  and  suUivantiiy  Acerateshngifolia,  CoUinaia 
vemat  and  Gerardia  tenuifolia. 

B.  saUellaris  Robertson,  1894,  pp.  452-475.  Macoupin  County,  Ilunois; 
at  Eupatorium  seroHnunij  Solidago  canadensis  and  lanceokUa,  Helianthua 
grosseserraiusj  Coreopsis  aristosa^  Helenium  avtumnaUj  and  Cnicus  aUissimus 
discolor. 

Psithyrus  fratemus  Dalla  Torre,  1896,  p.  569. 

B.  scuteUaris  Robertson,  1896,  p.  159.    At  JEscutus  hippocastanum. 

B.  scutellaris  Robertson,  1898a,  p.  244.    At  HeUanthus  divaricatus. 

B.  scutellaris  Birkman,  1899,  p.  245.    Fedor,  Lee  County,  Texas. 

B.  sctdeUaris  var.  Cockerell  and  Porter,  1899,  p.  390.  8.  Las  Vegas,  New 
Mexico;  VIII;  at  PeUUostemon  candidus. 

B.  scuteUaris  Titus,  1902,  p.  41.  Fort  Collins  and  (Ball)  Julesburg,  Colo- 
rado; VII,  VIII.     . 

B.  scuteUaris  Harris  and  Kuchs,  1902,  p.  25.  St.  Joseph,  Missoxtri;  at 
Solanum  rostratum. 

B.  scuteUaris  Viereck,  1903a,  p.  132.  Anglesea,  New  Jersey;  VIII;  at 
Asclepias  pulchra. 

Bombias  scideUaris  Robertson,  1903,  pp.  176,  177. 

Bombias  scuteUaris  Viereck,  1906,  p.  224.    Galveston,  Texas;  V;   (Snow). 

Cockerell,  1906,  p.  313.    "Upper  Sonoran." 

B.  scuteUaris  Daecke,  1907,  p.  265.    Lucaston,  New  Jersey;  IX. 

Bombias  scuteUaris  Swenk,  1907,  p.  294.  Lincoln,  Omaha,  Nebraska  City, 
West  Point,  Cams,  and  Sioux  County,  Nebraska;  VI-X;  at  Carduus^ 
HelianthuSf  Solidago ,  and  Grindelia. 

B.  scuteUaris  Tucker,  1909,  p.  278.   Wichita,  Kansas;  VIII. 

Bombias  scuteUaris  Smith,  1910,  p.  699.  Brown  Mills,  New  Jersey; 
VIII,  IX. 

B.  {Bombias)  fratemus  Franklin,  1913,  p.  421.  Louisiana.  Mississippi. 
Alabama.  Georgia.  North  and  South  Carolina.  Oklahoma.  Arkan- 
sas. Tennessee.  Missouri.  Kentucky.  Eastern  Virginia.  Eastern 
Maryland.  Delaware.  Lakehurst,  New  Jersey.  Ohio.  Indiana. 
Illinois.    Iowa.    Hugo  and  Berkeley,  Colorado. 

[P.]  frigidus  Smith,  1854,  p.  399.    9  ,  cf .    Hudson  Bay.    (See  Meade- 
Waldo,  1916,  p.  469.) 

B.  derkam£llus  Kirby,  1837,  p.  273.    Lat.  65°. 

B.  carriei  Greene,  1860,  p.  170.  9 .  Fort  Steilacoom,  "Washington  Terri- 
tory";  (Suckley). 

Cresson,  1863,  p.  100  (not  the  cf).  Great  Slave  Lake  and  Yukon  River. 
(Kennicott) ;  and Puget  Sound,  (Norton). 

Provancher,  1888,  p.  341.    Ottawa,  Canada;  (Guignard). 
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Handlirsch,  1891,  p.  454  (part).  Briiish  Columbia.  Yale  and  Lytton, 
"Washington  Territory." 

(?)  B.  derhamellus  Fox,  1892,  p.  134.  Herbert  Island  and  McCormick 
Bay,  West  Greenland;  VII. 

Cockerell,  19016,  p.  361.  Summit  of  the  range  between  the  Pecos  and 
Sapello  rivers,  near  the  headwaters  of  the  Pecos,  New  Mexico. 

B.  couperi  and  (?)  B.  oregonensis  Titus,  1902,  p.  44.  Ward  and  Lizard 
Head,  Colorado;  VIII;   (Ball). 

B.  couperi  Ashmead,  1902a,  p.  126.  Popoflf  Island,  Seldovia,  and  Xusha- 
gak  River  (McKay) ,  Alaska ;  VII .     See  strenuus  for  Ashmead's/n(^ti«. 

Cockerell,  1903a,  p.  891.    Truchas  Peaks,  New  Mexico;  above  timber  line. 

B.  derhamellus  sitkensis  Friese,  19046,  p.  518.    Makes /rt^tis  a  synonym. 

(?)  Cockerell,  1906,  p.  312.  Truchas  Peak,  above  timber  line  (W.  P. 
Cockerell)  ar.d  top  of  Las  Vegas  Range,  New  Mexico.  "Arctic  Alpine  to 
Hudsonian." 

Cockerell,  19076,  p.  257.  Arapahoe  Peak,  above  timber  line,  VIII,  (W.  P. 
Cockerell),  and  Eldora,  IX,  (Rohwer),  Colorado. 

Franklin,  1913,  p.  360.  Eagle,  Alaska.  Ft.  Rae,  Mackensie.  Ungava 
Bay,  Labrador.  Newfoundland.  Fremont  Pass,  Colorado;  (11,500- 
12,000  ft. 

Lutz,  1916,  p.  516.  Athabasca  River,  Alberta;  (Anderson).  Collins, 
Idaho. 

Sladen,  1919a,  p.  31g,  d^,  S.    Nome,  Alaska;  (Johansen). 

See  mixtus  and  strenuus. 

fuliginos-us.     See  ephijypiatus, 

[F.]  funebris  Smith,  1854,  p.  400.    9  .   Quito,  Ecuador. 

Cameron,  1903,  p.  237.  9,  <^.  Machachi  (9000-10,000  ft.),  Hac.  Guachala 
(9217  ft.),  Pichincha  (11,500  ft.),  ChiUo  (9000  ft.),  S.  Lucia  (8000  ft.)  and 
Hac.  S.  Rosario  (10,300  ft.),  Ecuador;  (Whjrmper;  see  his  'Travels  amongst 
the  Great  Andes  of  the  Equator'). 

B.  (Bombias)  funebris  Franklin,  1913a,  p.  157.  Tarata,  Bolivia.  Cal- 
langa,  Peru.    Colombia.    At3rpical  specimens,  Costa  Rica. 

Franklin,  1915,  p.  415.    Pachacayo,  Peru;  over  12,000  ft.;  (Townsend). 

[P.]  gelidus  Cresson,  1878a,  p.  184.      9 .     Aleutian  Islands;    (Ed- 
wards). 

Franklin,  1913,  p.  341.    Popoflf  Island,  Koyuku  River,  Kukak  Bay,  and 
Nualaska,  Alaska.    Signuia,  Baffin  Land. 
See  kincaidii. 

griseocollis.  See  impaiiens. 
grcenlandtcus.  See  arcticus. 
giuitemalensis.     See  wilmattce. 

[F.]  haueri  Handlirsch,  1888,  p.  234.      9  .     Orizaba  and  Tukubaya, 
Mexico;  (Bilimek). 
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Franklin,  1907,  p.  91  and  (B.  Bonibias  haueri)  Franklin,  1913a,  p.  141, 
9 ,  cf .  Mexico  City,  Esla va,  and  Meadow  Valley  (head  of  Rio  Piedras  Verdes, 
six  miles  south  of  Colonia  Garcia  in  the  Sierra  Madre  of  western  Chihuahua), 
Mexico. 

[F.]  henshawi  Franklin,  1913,  p.  446.    {B.  Bambias)    9  .  San  Francisco 

and  Palo  Alto,  California. 
hartorum.    See  alboanalis. 
hawardi.    See  ocddenialis. 
hudsonicus.    See  perplexiLS, 
[P.]  huntil  Greene,  1860,  p.  172.    9  .    ''  Utah  Territory.'' 

B.  temarius  Cresson,  1863,  p.  104.  9,  9,  cf,  (part).  Probably  the  Utah 
and  Puget  Sound  records. 

B.  temarius  Cresson,  1875,  p.  728.  Colorado;  (Rothrock).  New  Mexico; 
(Loew). 

B.  temarius  Putnam,  1876,  p.  189.    Fort  Bridger,  Wyoming. 

B.  temarivs  Cresson,  1876,  p.  210.   Empire,  Colorado. 

Cockerell,  1893,  p.  337.  Willow  Creek,  Cusack  Ranch,  and  also  at  timber 
line,  Custer  County,  Colorado;  VIII. 

(?)  B.  temarius  Cockerell  and  Porter,  1899,  p.  390.  Rio  Ruidoso  (6700- 
8200  ft.),  Beulah,  Harvey's  Ranch  (9600  ft.),  Aztec,  and  Mescalero,  New 
Mexico;  V,  VII,  VIII;  (Townsend,  Porter,  Mead,  and  Otis).  May  be 
edwardsiij  under  which  we  have  given  the  flower  records. 

B.  temarius  Cockerell,  1899,  p.  166.  Seattle,  Washington;  III;  (Kin- 
caid). 

B,  temarius  Titus,  1902,  p.  42.  Fort  Collins,  Bellvue,  Livermore,  Ridge- 
way,  Lamar,  Virginia  Dale,  Westlake,  Durango,  Antonito,  Clear  Creek 
Canyon,  Ward,  Glenwood  Springs,  and  Salida,  Colorado;  III-IX. 

B,  temarius  Viereck  et  al.  ,1904,  p.  99.  Condon  and  Corvallis,  Oregon; 
VII,  VIII;   (TuUey). 

(?)  B.  temarius  Viereck,  1906,  p.  245.    Near  Lander,  Wyoming. 

B.  rufosuffusus  Cockerell,  1905a,  p.  271.  9.  Boulder,  Colorado;  VI; 
(W.  P.  Cockerell).    May  be  distinct. 

Cockerell,  1906,  p.  312.  Truchas  Peak,  above  timber  line  (W.  P.  Cockerell), 
andtopof  Las  Vegas  Range,  New  Mexico.    "Arctic  Alpine  to  Transition." 

Cockerell,  1906c^,  p.  453.  Florissant  and  (rufosuffusus)  Topfiz  Butte, 
Colorado;  VI;  &i  Ribes  lonffifloruMj  Polemoniumy  Pentstemon  secundiflorus 
and  Pedicvlaris;    (Rohwer,  Wheeler  and  Cockerell). 

Swenk,  1907,  p.  297.  "Pine  Ridge  country,"  Sioux  County,  Nebraska; 
V-IX;  at  Astragalus f  SympharicarjniSj  Campanula^  BoragOj  Mdilotu^, 
Monarday  Cleomef  Carduus,  and  Helianthus. 

Fletcher  and  Gibson,  1907,  p.  128.    McLeod,  Alberta;  VI;  (Fletcher). 

Cockerell,  1910rf,  p.  128.  New  Castle,  Meeker,  and  near  Axial,  Colorado; 
at  Cleomef  Solidago  and  Rudbeckia;  (Robbins). 

Crawford,  1912,  p.  359.    Medicine  Hat,  Alberta;  (Malloch). 

Franklin,  1913,  p.  319  California  (except  probably  the  Lower  Austral 
portion).  Nevada.  Western  South  Dakota.  Vancouver  Island  and  Fort 
McLeod,  British  Columbia.    Regina  in  the  old  territory  of  Assiniboia. 
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Franklin,  1915,  p.  414.    Sentinel  Buttes,  North  Dakota;  (Stevens). 
Cockerel],  1915d,  p.  331.    Boulder,  Colorado;  pollinating  CaUleya  rnoi- 
8UE  in  a  greenhouse. 

See  kUicinctus  and  ternarius. 

hyperboreus.    See  ardicvs, 

hyperboreus  albertensis.    See  rufocinctvs. 

[P.]  impatiens  Cresson,  1863,  p.  90.     cf .     Canada.     Connecticut, 

Pennsylvania.     Illinois.      Missouri.     Description    of  B. 

impatiens  (nom.nud.)Harris,  1835,  p.  70. 

(?)  Apis  griseo-coUis  De  Geer,  1773,  p.  576. 

Afis  virginicus  Olivier,  1789y  p.  66,  and  griseo-coUiSy  p.  64. 

B.  virginicus  Fabricius,  1804,  p.  346.   Virginia.    Homonym. 

Bremus  virginicus  Jurine,  1807,  p.  260. 

B.  virginicus  Smith,  1854,  p.  398.   St.  John's  Bluff,  East  Florida. 

B.  virginicus  Cresson,  1863,  p.  87.  9 , 5?,  not  cf .  New  York.  Delaware. 
District  of  Columbia.  Mississippi.  Texas.  Discussion  of  synonymy. 
See  also  p.  90  {imj^aiiens)  and  p.  166. 

B.  virginicus  Putnam,  1864,  p.  101.    Bridport,  Vermont.   Nest. 

B.  virginicus  Cresson,  1876,  p.  210.    Davenport,  Iowa. 

B.  virginicus  Riley,  1880,  p.  107.    Marion,  ALABAiifA.   Robbing  honey  bees. 

B.  virginicus  Bowles,  1880,  p.  33.    Quebec  and  Montreal,  Canada. 

B,  virginicus  Handlirsch,  1888,  p.  228.    Nevada. 

(?)  PsUhyrus  insvlaris  Provancher,  1888,  p.  342.    cf  (not  9 ). 

B.  virginicus  Robertson,  1891a,  pp.  569-597.  At  Asclepias  verticHlata  and 
incamatGy  Phlox  divaricataj  HydrophyUum  virginicum  and  appendiculatuniy 
Solanum  nigrum^  Linaria  vulgaris^  Scrophularia  nodosa  marHandicaf  Sey- 
meria  macrophyUa,  Gerardia  pediculariaj  purpurea^  tenuifolia,  and  avricviala. 

B.  virginicus  Howard,  1891,  p.  431.  Horse-chestnut  nectar  possibly  had  a 
toxic  effect. 

B.  virginicus  Robertson,  1894,  pp.  436-475.  Macoupin  County,  Illinois; 
at  Prunus  serotinay  Rosa  humUiSy  Pyrus  coronariOy  Cratagus  coccinea  and 
crusgaUiy  Eupatorium  purpureum  and  serotinum,  Lacinaria  ["Liatria"] 
pycnostachyay  Solidago  canadensiSy  nemoraliSj  and  lanceolcUa,  Aster  nova- 
anglicB,  and  paniculatuSy  Helianthus  grosseserratusy  Corepsis  aristosa,  Helenium 
auiumnale,  and  Cnicus  dUissimus  discolor  and  lanceolatvs. 

B.  virginicus  Robertson,  1896,  pp.  156, 160, 165, 175.  Carlinville,  Illinois; 
at  jEscxduSy  Gymnocladus  canadensis,  and  Aster  ericovdes  viUosvs. 

B.  virginicus  Robertson,  1898a,  p.  242.    At  Lonicera  suUivantii. 

B.  virginicus  Cockerell,  1899c,  p.  3.  Baldwin,  Douglas  County,  Kansas; 
(Bridwell). 

B.  virginicus  Harris  and  Kucks,  1902,  p.  25.  St.  Joseph,  Missouri;  at 
Solanum  rostratum. 

Viereck,  1903a,  p.  119.  College  Park  and  Chestertown,  Maryland; 
VIII-X;   (Vanatta). 

B.  morriionii  Howard,  1904,  PI.  iii,  fig.  37. 

(?)  B.  virginicus  Viereck,  1906,  p.  240.  Magdalena  Mountains,  New 
Mexico:  VII;   (Suow). 
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B.  virginicus  Britton  and  Viereck,  1906,  pp.  216,  217,  219.  Connecticut; 
at  Prunus  avium  and  persicaj  Pyrus  malusj  and  Cydonia  vulgaris, 

B.  virginicus  Swenk,  1907,  p.  296.  Lincoln,  Omaha,  South  Bend,  Cedar 
Bluffs,  Weeping  Water,  Meadow,  Nebraska  City,  Falls  City,  and  Nemaha 
City,  Nebraska;  IV;  at  Prunus^  RibeSy  RubuSj  Cassia^  and  PetcUostemon. 

Fletcher  and  Gibson,  1907,  p.  128.   Ottawa,  Canada;  X;  (Fletcher). 

B.  t;ir(7inini«  Graenicher,  1907,  pp.  26,  32,  40,  93.  8,  9.  Wisconsin;  at 
AUium  cemuum,  Clintonia  borealisj  Salmonia  hiflora^  and  Ribes  cynosbati. 

B.  virginicus  Tucker y  1909,  p.  278.    Lawrence,  Kansas;  VII-X 

Smith,  1910,  p.  698.   Throughout  New  Jersey. 

Grjenicher,  1911,  p.  249.  Hudson  in  St.  Croix  County,  Prescott  and 
Maiden  Rock  in  Pierce  County,  and  Fountain  City  in  Buffalo  County, 
Wisconsin;  VII,  VIII. 

Franklin,  1913,  p.  309.  "  Most  western  records  are  Logansport,  Louisiana, 
and  Lincoln,  Nebraska. '' 

Franklin,  1915,  p.  414.    Lake  Park,  Minnesota;  (Stevers). 

Viereck,  1916,  p.  758.  Branford,  New  Haven  Putnam,  and  Salisbury, 
Connecticut. 

Bequaert,  1920,  p.  9.  Forest  Hills,  Auburndale,  Dedham,  Brookline, 
Cohasset,  and  Sherborn,  Massachusetts. 

improbus.    See  nevadensis. 

[D.]  incarum  Franklin,  1913a,  p.  131 .    9  ,  5? ,  cf .   Callanga  and  Chaneha- 
mayo,  Peru.    Boquete,  Chiriqui,  Panama.     Georgetown,  British 
Guiana.     Dutch  Guiana.    Sapucay,  Paraguay.     Rio  Grand  do 
Sul,  Brazil.    This  may  be  Apis  cajennensis  Fabricius,  1898,  p.  273. 
.  insidaris.    See  impcUiens. 
interruptus.    See  Psithynts  insidaris, 
iridis.    See  rufodnctus. 

juxius.    See  affinis  novce-anglicBj  centralis  and  pleurcdis. 
kenoyeri.    See  edwardsii. 

[K.]  kincaidii  Cockerell,  1898,  p.  324.     9,  5?,  cf.    St.  Paul,  Pribilof 
Island,  Bering  Sea;  VIII;  at  Lathyrus;  (Kineaid). 

(?)  B.  gelidus  Ashmead,  1902a,  p.  127.  See  Viereck,  1903a,  p.  54. 
PsUhyrus  kodiakensis  Ashmead,  1902a,  p.  130.  d^.  Kodiak,  Alaska; 
VII.  This  synonymy  is  according  to  Franklin,  who  formerly  (in  litt.)  con- 
sidered kodiakensis  to  be  putnami  (B.  kirbyellus).  The  latter  determination 
would  seem  more  probable,  as  kincaidii  is  not  supposed  to  occur  on  the  main- 
land. Ashmead  says  the  pleura  of  his  species  is  covered  with  ochreous  hair, 
not  dark  as  it  should  be  in  kincaidii. 

[K.]  kirbyellus  Curtis,  1835,  p.  Ixii.     (kirbiellus)    9,   8,   (?.     Arctic 
America. 

(?)  B,  baUeatus  Dahlbom,  1832,  p.  36. 

(?)  B.  tricolor  Dahlbom,  1832,  p.  41. 

For  references  to  possible  synonyms  (nivalis,  baUeatus,  viontanus,  and 
nidulnas)  in  the  Palearctic  region  see  Franklin,  1913,  p.  290,  and  Dalla  Torre, 
1896,  p.  527. 
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B.  kirbieUm  Smith,  1854,  p.  397.    Boothia  Felix,  Canada. 

MacLachlan,  1878,  p.  106.  Hayes  Sound,  lat.  79°,  VIII;  Fort  Foulke,  TO: 
and  lat.  81^45';  (FeUden). 

B.  putnami  Cresson,  1878o,  p.  185.     9 .    Colorado;  (Putnam). 

B.  halleatus  kirbiellus  Aurivillius,  1890,  p.  28.  Polaris  Bay,  Ritenbenk, 
Godhavn,  Auleitsivik,  and  Ivigtut,  Greenland;  (Kolthoflf). 

B,  niduJans  Handlirsch,  1891,  p.  453.    Lytton,  British  Columbia. 

(?)  B.  nivalis  Fox,  1892,  p.  134.    McCormick  Bay,  West  Greenland;  ML 

B.  putnami  Titus,  1902,  p.  41.  Fort  Collins,  Lizard  Head,  Ward,  and  Home, 
Colorado;  all,except  Fort  Collins,  7000  to  10,000  ft.;  VIII;  (Ball). 

B.  atnfasciatus  Morrill,  1903,  p.  224.  9 .  Gallatin  County,  Montana; 
9400  ft.;  VII;  (Cooley). 

B.  putnami  Viereck  et  al,,  1904,  p.  99.   Washington.    Mt.  Hood,  Oregon. 

Fletcher  and  Gibson,  1907,  p.  129.  FuHerton,  Hudson  Bay,  and  Mouni 
Edith,  Banff,  Canada;  VII;  (Halkett  and  Fletcher). 

Fletcher  and  Gibson,  1908,  p.  111.  Bartlett  Bay,  Alaska;  at  sea-levd; 
(NeUes). 

Franklin,  1913,  p.  290.  Truchas  Peak,  New  Mexico.  Labrador.  Sopka, 
Siberia. 

Cockerell,  19156,  p.  483.  Nebraska  Hill,  Colorado;  above  timber  line; 
VII;  &t  Polemonium  confertum  and  Trifolium;  (Kenoyer). 

Lutz,  1916,  p.  520.    Kodiak,  Alaska. 

Sladen,  1919a,  p.  27o.  cT,  8.  Nome,  Collinsoa  Point,  Alaska,  and  Young 
Point,  Northwest  Territories,  (Johansen);  Nottingham  Island  (Me- 
Kenzie),  Cape  Chudleigh,  Hudson  Strait;  Laggan  (Fletcher),  and  Bwiff 
(Sanson),  Alberta. 

See  kincaidii  and  pleuralis. 

kirhyellus  pyropygus,  Friese^s  remarks  in  1902a  and  1908a  as  to  s>'na- 
nymy  are  somewhat  confusing.  See  also  19126,  p.  182.  He  prob- 
ably had  no  American  specimens  of  pyropygus. 

kodiakensis.    See  kincaidii, 

laboriosics.    See  nigrodorsalis  and  Psithyrus  laboriosus. 

laciisiris.    See  edwardsii^  melanopygus. 

lapponicus.    See  sylvicola. 

lapponiais  flavicollis.    See  sylvicola  flavicoUis. 

lateralis.    See  ephippiatus  and  ivilmattce. 

[P.]  laticinctus  FrankUn,  1913a,  p.  85.  9.  cT*.  Meadow  Valley  (head 
of  Rio  Piedras  Verdes,  six  miles  south  of  Colonia  Garcia,  Sierre 
Madre  of  western  Chihuahua),  Mexico;  7000  ft.;  (Townsend). 
May  be  a  subspecies  of  huntii. 

laticollis.      See  nigrodorsalis, 

leucomelas.    See  volucelloides. 

inarylandicus.    See  p.  (503). 

mckayi.    See  occidentalis. 
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[D.]  medius  Cresson,  1863,  p.  97.     9  (?).    The  locality  (Utah)  ''no 
doubt  an  error  for  Mexico"    (Cresson,  1916,  p.  123). 

Apis  cajeniiensis  Fabricius,  1798,  p.  273,  may  be  the  same.  The  various 
references  to  this  are  omitted. 

(?)  B.  unifasciatus  Smith,  1879,  p.  133.  Guatemala;  5000  ft.  Irazu, 
Costarica;  6000-7000 ft.    '' San  Francisco";  4500ft. 

Cockerell,  1905^,  p.  90.  San  Rafael  on  the  Rio  Nautla,  Vera  Cruz,  Mexico; 
III,  IV. 

(?)  B.  unifasciatus  Cockerell,  1912,  p.  106.  Guatemala  City,  Guatemala; 
XII;   (Wheeler). 

Franklin,  1913a,  p.  123.  9,8,  cf.  Orizaba,  Otoyac,  and  Coatepec, 
Mexico.  Olas  de  Moka,  Solola,  Guatemala.  Boquete,  Chiriqu  i,  Pamama. 
Ecuador.    Minas  Gera^s  and  Sa6  Paulo,  Brazil.    Sapucay  (?),  Paraguay. 

(?)  B.  unifasciatus  Cockerell,  1913a,  p.  192.  Guatemala  City,  Amatitlan. 
and  Antigua,  Guatemala;  (W.  P.  Cockerell). 

Franklin,  1915,  p.  415.  Valladolid,  Yucatan,  (Gaumer),  and  Jalapa  and 
Teapa,  Tabasco,  (Smith),  Mexico.  San  Geronimo,  Guatemala.  Bugaba, 
Panama;  800-1500  ft.;  (Champion).    Pard,  Brazil;  (Austen). 

See  mexicanits. 

[P.]  melanopysrus  Nylander,  1848,  p.  236.    (melanopyge)     cf .     Sitka. 

(?)  B.  omatus  Smith,  1864,  p.  398.     9 ,  8,  cf.   Hudson  Bay. 

(?)  B.  Tnenestriesii  Radoszkowski,  1859,  p.  483. 

B.  lacustris  Cresson,  1863,  p.  103.  9  *,  8,  cf .  Lake  Athabasca*  and  Great 
Slave  Lake,  Canada;  (Kennicott). 

B.  lacustris  Cresson,  1879,  p.  231.  Vancouver,  British  Columbia,  and 
Greenland. 

Handlirsch,  1888,  p.  231.   Aleutian  Islands.    Misspelled  melampygus. 

B.  lacustris  Provancher,  1888,  p.  340.  This  Quebec  record  is  probably 
erroneous. 

B.  syUricoloa  Cockerell,  1893,  p.  337.  Ula  and  Willow  Creek,  Custer  County, 
Colorado;  VII,  VIII. 

B.  temarius  lacustris  DaUa  Torre,  1896,  p.  533,  (part). 

Ashmead,  1902a,  p.  128.  Berg  Bay,  Juneau,  Kodiak,  Seldovia,  Wrangell, 
Seward  Peninsula,  and  Sitka,  Alaska.  Vancouver  Island,  British  Colum- 
bia; VI,  VII.    (Wickham,  Peters,  Fur  Seal  Commission). 

(?)  B,  syhicola  Titus,  1902,  p.  43.  Lizard  Head,  Alder,  Muldoon,  Marshall 
Pass,  and  Ward,  Colorado;  VIII;  (Ball,  Gillette,  and  Cockerell). 

Viereck  et  al.,  1904,  p.  99.  Corvallis  (Cordley)  and  Mt.  Hood,  Oregon; 
V. 

Fletcher  and  Gibson,  1907,  p.  129.  Mount  Edith,  Banff,  Alberta; 
VII;   (Fletcher). 

Franklin,  1913,  p.  334.  Mackenzie.  Fullerton,  Hudson  Bay  country. 
Baffin  Land.  British  Columbia.  Saskatchewan.  Washington. 
Wyoming. 

Lutz,  1916,  p.  515.  Colorado  Springs,  Colorado;  above  6000  ft.;  (Wick- 
ham). 

Sladen,  1919,  p.  127.    ''  Probably  a  variety  "  of  sykncola. 
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Tnenedriem,    See  melanopygus, 

[D.]  mexicanuB  Cresson,  1878a,  p.  187.    9  *,  9.    Mexico;  (Sumichrast). 

(?)  B.  unifasciatus  Smith,  1879,  p.  133.  Guatemala;  5000  ft.  Iraiu. 
Costarica;  6000-7000 ft.    "San  Francisco";  4500ft.    Seemedius. 

(?)  B.  cayennensis  mexicanus  Handlirsch,  1888,  p.  241.  Yapanema,  Brazil. 
Guatemala. 

(?)  B.  unifasciaius  Cockerell,  1912,  p.  106.  Guatemala  City,  Guatemala; 
XII;  (Wheeler). 

Franklin,  1913a,  p.  128.  9,  8,  cf.  Olas  de  Moka,  Solola,  Guatemala. 
San  Jo8^,  Costa  Rica.    Boquete  and  Bogona,  Chiriqui,  Panama.    Ecuadob. 

Franklin,  1915,  p.  415.    Guatemala  City,  Guatemala;  (W.  P.  Cockerell). 

B.  cayenfiemis  mexicanus  Friese,  1916,  p.  298.  San  Jos^,  Costa  Rica; 
(Schmidt  and  Baydorf). 

See  medius. 

[F.]  mexiceiiBis  Franklin,  1911,  p.  163.  {B.  Bambias)  New  name  for 
B,  temarius  d  Handlirsch,  1888,  p.  230:  9  ;  Takubaya,  Mexico; 
(Bilimek). 

fnixiuosus.    See  siikemds. 

[P.)  miztUB  Cresson,  1878a,  p.  186.     9*,  9.    Colorado;  (Morrison). 

B.frigidus  HandUrsch,  1891,  p.  454  (part). 

Cockerell,  1893,  p.  338.    Near  Swift  Creek,  Custer  County,  Colorado. 

Titus,  1902,  p.  44.  Fort  Collins,  Cameron  Pass,  Home,  and  Ward, 
Colorado;  V,  VII. 

B.  oregonensis  Ashmcad,  1902a,  p.  126.  Fox  Point,  Kodiak,  Jimeau,  Sel- 
dovia,  ard  Popoff  Island,  Alaska;  VI,  VII. 

Fletcher  ard  Gibson,  1908,  p.  111.  Metalakatla  (Keen)  and  Mt.  Cheam 
(Fletcher),  British  Columbia.    Banff,  Alberta;  (Sanson). 

Franklin,  1913,  p.  381.  Vancouver  Island,  British  Columbia.  Labrador. 
Washington.  Idaho.  Bozeman,  Montana.  Oregon.  Humboldt  County, 
California.    Wyoming. 

Cockerell,  19196,  p.  294.    Battle  Mountain,  Colorado;  above  timber  line. 

Sladen,  1919a,  p.  31g.  9.  Porcupine  Mountain  district,  Yukon  Terri- 
tory; (Cairres). 

See  alboanalis. 

moderaiuH,    See  ierreslris  moderatus. 

modestuH.    See  occidentalism  terrestn's  mod^ratUH,  trinominattm. 

monardcp.    See  centrab\s. 

monlanus.    See  kirhyellus. 

nwnt€zum(v.    See  nigrodorsalis. 

(F.]  monnonorum  Franklin,  1911,  p.  161  {B.  Bombias)  9  ,  9,  cf .  Beaver 
Valley,  Beaver  C'anyon,  Beaver  Creek,  South  Creek,  Beaver  County, 
Utah. 

[F.]  morrisoni  Cresson,  1878a,  p.  188.  9  *,  9,  cf .  Colorado;  (Morri- 
son). 
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Cresson,  1879,  p.  230.    New  Mexico.    Nevada. 

Cockerell,  1898rf,  pp.  71,  73.  Mesilla  Valley,  Organ  Mountains,  Lamy, 
Watrous,  Albuquerque,  and  Sante  F6,  New  Mexico;  IX;  at  Cleome  aer- 
rulata.    See  also  189^,  p.  311. 

Cockerell  and  Porter,  1899,  p.  388.  Las  Vegas,  RomeroviUe,  Aztec, 
Ruidoso  Creek  at  6900-8200  ft.,  South  Fork,  Eagle  Creek,  Las  Cruces, 
Mesilla  Park,  Dipping  Spring  in  Organ  Mountains,  and  Mescalero  Agency, 
New  Mexico;  III-VIII;  at  AsclepiaSt  Monarda  stridaj  SoUdago  trinervata, 
Sicyos  parviflorus,  Salvia  lanceolaiay  and  (Cockerell,  1899d,  p.  256)  Ungnadia 
spedosa;  (Mead,  Towrsead,  Steel,  Tinsley,  Wooton,  Cockerell,  and  Porter). 
*' The  vertical  range  is  from  3800  to  8200  ft.,  but  the  insect  seems  to  be  most 
abundant  at  6500-7500  ft." 

Fowler,  1902,  p.  312.    Mount  Shasta,  Cauforni a;  (Jones).    Arizona. 

Titus,  1902,  p.  39.  Fort  Collins,  Trinidad,  Antonito  (Gillette),  Cerro 
Summit,  Horsetooth  Gulch,  and  Cimmaron,  Colorado;  V-IX;  at  Mentzelia 
muUifloray  Helianthus  annuus;  Thermopsis  montanfis^  Alnus  viridisy  and  wild 
rose. 

B.  perplexus  Titus,  1902,  p.  39.    d^. 

Cockerell,  1906,  p.  313.  Pecos,  New  Mexico.  "Transition  to  Middle 
Sonoran." 

Cockerell,  1906d,  p.  453.    Florissant,  Colorado;  VI;  (Rohwer). 

Bombiaa  morrisoni  Swenk,  1907,  p.  295.  Warbonnet  Canyon,  Sioux 
County,  and  Gering,  Nebraska;  VII,  VIII. 

Cockerell,  19076,  p.  258.    Boulder,  Colorado;  V. 

Tucker,  1909,  p.  277.    Colorado  Springs,  Colorado;  VIII. 

DavidsoT),  1911,  p.  66.   Los  Angeles,  trail  to  Wilson's  Peak,  California. 

B.  (Bombiaa)  mormoni  Franklin,  1913,  p.  431.  Utah.  Chino,  California. 
Flagstaff,  Arizona. 

See  impatiens.^ 

nearcticus.     See  edwardsii. 
neglectxdxis.    See  calif omicua. 

neoboreus  Sladen,  1919a,  p.  28g.    cf ,  9,5?.    Bernard  Harbour,  North- 
west Territories;  VI-VIII;  (Johansen). 
[A.]  nevadensis  Cresson,  1874,  p.  102.     9*,  d^.    Nevada*,  (Yarrow). 
Arizona,  (Henshaw). 

Cresson,  1875,  p.  728.    New  Mexico;  (Yarrow). 
B.  improbus  Creaaon,  1878a,  p.  188.    cf.    Colorado;  (Morrison). 
Cresson,  1879,  p.  230.    Colorado.    California. 
Cockerell,  1893,  p.  338.    Near  Swift  Creek,  Custer  County,  Colorado. 
B.  nevademis  cressoni  Cockerell,  1899o,  p.  338.     9  .    Washington.    Colo- 
rado.   White  Mountains  at  10,300  ft.,  South  Fork,  Eagle  Oeek  at  8300  ft.. 
North  Fork  of  Ruidoso  Creek  at  8200  ft.,  Mescalero  Indian  Agency  (typical 
form;   1899,  p.  156),  ard  Las  Vegas,  New  Mexico;   VIII;   at  Delphinium 
ficopulorum,  Sicyos  parvijlorus,  Solidago  trinervataj  and  Cleome  aemdcUa; 
(Towrsend,  Otis,  Porter,  and  Cockerell). 

B.  improbns  Cockerell  and  Porter,  1899,  p.  389.  South  Fork  of  Eagle  Creek, 
White  Mountains.  New  Mexico;  8200  ft.;  VIII;  at  Senecio  rmbyi. 
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Afihmead,  1902,  p.  124.    Alaska.    Utah. 

Titus,  1902,  p.  40.  Fort  Collirs,  Beaver  Creek,  Little  Beaver  Creek, 
Boulder,  Bellvue,  Antonito,  Virginia  Dale,  ard  Livermore,  Colorado; 
V-VIII. 

Viereck,  1902,  p.  45.    Beulah,  New  Mexico. 

Viereck  et  al.,  1904,  p.  98.    Condon,  Oregon;  VII;  (Cordley). 

Cockerell,  1906,  p.  313.    " Canadian  to  Upper  Sonoran." 

Cockerell,  1906d,  p.  453.  Florissant,  Colorado;  VII;  at  Polemonium; 
(Rohwer). 

Fletcher  and  Gibson,  1907,  p.  129.  Vernon,  British  Columbia  (?);  Mc- 
Leod  and  High  River,  Alberta;  VI;  (Venables,  Fletcher,  Willing,  Baird). 

Bombias  nevadensis  Swenk,  1907,  p.  295.  Dundy  County,  Sioux  County, 
and  West  Point,  Nebraska;  V-IX;  at  Astragalusj  Mahastrunif  and 
Monarda. 

Cockerell,  1910a,  p.  25.    Calgary,  Alberta;  VI. 

Cockerell,  1910d,  p.  128.    Near  Axial,  Colorado;  at  iicAittea;  (Robbins). 

Davidson,  1911,  p.  66.    Los  Angeles,  on  the  trail  to  Wilson's  peak,  Cau- 

FORNIA. 

B.  (Bombias)  nevadensis  Franklin,  1913,  p.  416.  Fort  McLeod,  British 
Columbia.   Montana. 

Franklin,  1915,  p.  414.    Dickinson,  North  Dakota;  (Stevens). 
See  auricomus. 

nevadensis  aztecus.    See  fervidus  dorsalis. 

nidiUans.   See  americanoruniy  kirbyeUuSy  and  polaris, 

[D.]  nigtr  Franklin,  1913a,  p.  120.  9  , 5?,  d^.  Belize,  British  Honduras, 
Carillo  and  La  Estrella  de  Cartago,  Costa  Rica.  Bogona  and 
Boquete,  Chiriqui,  Panama.  Colombia.  San  Julian,  Venezuela. 
Ecuador.  Callanga,  Peru.  Bonito  in  the  Province  of  Pemambuco 
and  St.  Catharina,  Brazil.  Sapucay,  Paraguay;  Franklin  notes 
that  it  may  be  the  same  as  velutinus  Illiger  1806,  p.  175,  or  violacem 
Lepeletier,  1836,  p.  473.  ^ 

Franklin,  1915,  p.  415.    Bugaba,  Panama;   (Champion).    Monte  Alegre, 
Lower  Amazon,  Brazil;  (Austen). 

nigrocinctus.    See  crotchii, 

[D.]  nigrodorsaliB  Franklin,  1907,  p.  90.  9  *,  9,  and  nigrodarsalis  laii- 
collis  9  .  Meadow  Valley  (head  of  Rio  Pierdras  Verdes,  six  miles 
south  of  Colonia  Garcia,  Sierra  Madre  of  western  Chihuahua), 
Mexico;  7000  ft.;   (Townsend). 

B.  lahoriosus  Smith,    1861,    p.    153  (not    Fabricius).     cf,  5.     Oaxaca, 
Mexico.    (See  Meade-Waldo,  1916,  p.  469.) 
B.  ephippiatus  lahoriosus  Handlirsch,  1888,  p.  233. 
(?)  B,  weisi  Friese,  1903,  p.  253.    9  (not  c^).   San  Carlos,  Costa  Rica. 
B.  ephippiatus  montezuma?  Cockerell,  19086,  p.  344.    New  name. 
B.  mont€zum(je  Franklin,  1913a,  p.  95.    Tlalpam,  Mexico. 
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Franklin,  1915,  p.  410.  Ciudad,  Omilteme  and  Xucumanatlan  (the  two 
latter  in  Guerrero),  Mexico.  Quezaltenago,  Guatemala.  All  7000-8100 
ft.,  (Forrer,  Smith,  and  Champion). 

See  tuem.    B.  montezumce  is  probably  a  distinct  variety. 

nigroscutatus.    See  occidentalis  nigroscutatus, 
nivalis.    See  kirbyellus. 

[T.]  occidentalis  Greene,  1858,  p.  12.    9  ,  d^ .   Northwest  coast  of  Ameri- 
ca; Fort  Vancouver  (Cooper)  and  Puget  Sound  (Suckley). 

B.  modestus  Smith,  1861,  p.  153.  9.  Oaxaca,  Mexico.  Franklin,  1913, 
p.  273  says  that  this  locaUty  is  probably  wrong. 

B.  proximua  Cresson,  1863,  p.  98.    8.    Utah;  (Suckley). 

B. /iotmrdi  Cresson,  1863,  p.  98.    cf.    Pikes  Peak,  Colorado;  (Howard). 

Cresson,  1879,  pp.  230,  231.  Nevada.  Caufornia.  Oregon.  B. 
howardii:  Utah. 

B.  terricola  howard%  t.  proximuSy  and  t.  occidentalis  Handlirscb,  1888,  p.  234. 

B,  howardi  Cockerell,  1898<i,  p.  71.    Santa  Y6  Canyon,  New  Mexico. 

B.  perixanthus  Cockerell  and  Porter,  1896,  p.  386,  <f.  Harvey's  Ranch, 
near  Las  Vegas,  9600  ft.,  and  {howardiy  p.  389)  Beulah,  and  Monument  Rock, 
Santa  F6  Canyon,  New  Mexico;  at  Monarda  and  Rudbechia. 

B.  proximus  howardi  Cockerell,  1900a,  p.  401.  San  Ignacio,  New  Mexico; 
IX;  (Porter). 

B./iotmrdnViereck,1901,p.325.   Eagle  City,  Alaska;  65^30'N.;  (Kirk). 

B.  proximus  coloradensis  Titus,  1902,  pp.  38,  41.  9.  Rist  Canyon, 
Colorado;  6500  ft.;  V.  B.  proximus  (p.  41):  Horsetooth  Gulch,  Virginia 
Dale,  Fort  CoUins,  Westlake,  Home,  Cimmaron,  and  Marshall  Pass,  Colo- 
rado; IV-VIII.  B.  howardii  (p.  41):  Beaver  Creek,  10,000-12,000  ft., 
VIII,  and  Ridgeway,  Colorado.  (?)  B.  terricola  (p.  42):  Fort  Collins, 
Colorado;  (Stancard). 

B.  mckayi  Ashmead,  1902a,  p.  125.  9.  Nusha-gak  River,  Alaska; 
(McKay). 

B.  howardi  Ashmead  1902a,  p  .125.    Silver  Lake,  Utah;  VII. 

Viereck  et  at.,  1904,  p.  99.    Corvallis  and  Mt.  Hood,  Oregon;  V. 

B.  howardi  Viereck,  1906,  p.  238.  Humphreys  Peak,  Arizona;  9500  ft.; 
VIII;  (Snow). 

B,  proximus  Cockerell,  1906,  p.  313:  top  of  Las  Vegas  Range,  New 
Mexico.  B.  p.  perixanthus:  Harvey's  Ranch,  New  Mexico,  9600  ft. 
B.  p.  howardi:  San  Ignacio,  New  Mexico.  "Hudsonian  to  Canadian" 
and  {howardi)  "Transition." 

B.  proximus  coloradensis  Swenk,  1907,  p.  295.  Warbonnet  Canyon,  Sioux 
County,  Nebraska;  VII;   (Bruner). 

B.  proximus  a*id  B.  p.  coloradensis  Cockerell,  19076,  p.  258.  Boulder, 
Colorado;  V. 

Fletcher  and  Gibson,  1907,  p.  129.    Banff,  Alberta;  VIII;  (Sanson). 

B.  howardii  and  proximus  Tucker,  1909,  p.  277.    Buffalo,  Colorado;  VIII. 

B.  occidentalis  howardii  Cockerell,  1910d,  p.  128.  Ten  miles  east  of 
Meeker,  Colorado;  ai  Solidago',  (Bobbins). 
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Frarklin,  1913,  p.  265.  "This  species  ranges  through  at  least  the  greater 
portion  of  Alaska  (mouth  of  Dall  River,  Seldovia,  Eagle  and  Nushagak 
River)  and  Yukon  Territory,  through  the  greater  part  of  British  Columbia 
(includirg  Vancouver  Island).  .  .  It  should  be  noted  that  I  have  no  Canadian 
records  for  it  distinctly  east  of  the  eastern  limits  of  the  Rocky  Mountains, 
though  it  seems  not  improbable  that  it  may  range  considerably  further  east.'* 

Cockerell,  1913,  p.  347.  Feeding  through  puncture  at  base  of  "Chinese 
Cabbage"  flower. 

B.  occiderdalis  perixanthus  Cockerell,  1919d,  p.  358.  Minnehaha,  Pikes 
Peak,  Colorado;  (Frances  Long). 

Probably  several  of  the  named  varieties,  especially  pexixarUhuSy  should  be 
recognized  as  distinct  varieties. 

[T.]  occidentalis    ziigroBCUtatus   Franklin,  1913,  p.  271.      9,   9,  d". 
California*.    British  Columbia.    Montana.    Colorado. 

Fletcher  and  Gibson,  1908,  p.  Ill;   (Franklin  Ms.).    Skagway  District 
of  Northern  British  Columbia;  (White-Fraser). 

oregonensis,    SeefrigiduSj  mixtus,  sitkensis, 

ornatus.    See  melanopygus,  sylvicoUiy  iemarius,  and  p.  503. 

paUidus.    See  amencanorum, 

parvtdus.    See  p.  503. 

pennsylvanicxis.    See  americanorum,  auricomxis,  fervidu^y  and  sanoru^. 

perixanihus.    See  occidentalis. 

[P.]  perplezuB  Cresson,  1863,  p.  91.    d^.    Connecticut;  (Norton). 

B.  elatvs  Harris,  1836,  p.  70.   Massachusetts. 

B.  hudsonicus  Cresson,  1863,  p.  92.  cf.  Hudson  Bay  Territory; 
(Norton). 

Bowles,  1880,  p.  33.    Montreal,  Canada. 

B.  perplexus  hudsonicus  Cresson,  1887,  p.  308. 

Fletcher  and  Gibson,  1907,  p.  129.    Meach  Lake,  Canada;  VII;  (Gibson). 

Smith,  1910,  p.  698.    Brown's  Mills,  New  Jersey;  VI;  (D»cke). 

Franklin,  1913,  p.  344.  Quebec.  Ontario.  Manitoba.  New  Hamp- 
shire. Vermont.  Rhode  Island.  New  York.  Pennsylvania. 
Virginia.  West  Virginia.  North  Carolina.  Tennessee.  Michigan. 
Wisconsin.  Minnesota.  "The  records  of  this  species  from  Colorado 
.  .  .  are  erroneous."-    Nest. 

Franklin,  1915,  p.  414.    Fargo,  North  Dakota;  (Stevens). 

Lutz,  1916,  p.  515.    Mountains  of  Georgia;  (Davis). 

Viereck,  1916,  p.  758.    Branford  and  Westville,  Connecticut;   V,  VII. 

Bequaert,  1920,  p.  9.    Wollaston,  Auburndale,     Arlington,  and  Sherbom, 

M  ASS  ACHUSETTS . 

See  morrisoni. 

phacelice.    See  rufodndus. 

[P.]  pleuralis,  Nylander,  1848,  p.  231.     9  ,  cf .    Sitka,  Alaska. 
(?)  B.  praticola  Kirby,  1837,  p.  274.     9  .    Lat.  65'*. 
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Ashmead,  1002a,  p.  127.  Popoff  Island  and  Kodiak,  Alaska;  VII- 
"Also  found  in  Siberia." 

B.  jxtxtus  Ashmead,  1002a,  p.  127.  Kukak  Bay,  Matlakatia,  Nushagak 
River  (McKay),  and  Wrangell  (Wickham),  Alaska;  VII. 

B.  Urbydhia  pleurdUa  Frieee,  19046,  p.  519. 

(?)  Cockerell,  1916c,  p.  10.  Whitefish  Point,  Chippewa  County,  Michigan; 
VII;  (Andrews). 

Sladen,  1919a,  p.  31g.    cf',  8.    Nome,  Alaska;  (Johansen). 

(K.]  polaris  Curtis,  1835,  PI.  xiii.  cf,  9.  Arctic  America.  (See 
Meade-Waldo,  1916,  p.  469.) 

Cresson,  1863,  p.  101.    Methy  Portage,  Arctic  America. 

MacLachlan,  1878,  p.  106.    Hayes  Sound,  lat.  79^;  (Feilden). 

Ashmead,  1902a,  p.  127.    Kodiak  and  Seldovia,  Alaska;  VII. 

B.  nidtdqns  Friese,  19046,  p.  519.    Makes  polaris  a  synonym. 

Franklin,  1913,  p.  298.  Rama,  Nain,  Ft.  Chimo,  and  Urgava,  Labrador. 
McCormick  Bay,  Greenland.  Considers  Ashmead's,  1902a,  p.  127,  records 
from  Kodiak  and  Seldovia,  Alaska,  doubtful. 

Lutz,  1916,  p.  520.  Barrow,  Alaska;  (Stefansson).  Tupkak,  in  the  delta 
of  the  Mackenzie;  (Anderson). 

Bremus  polaris  Frison,  1919  p.  457.  76"  30'  N.  to  78**  20'  N.;  Crocker 
Land  Expedition. 

Sladen,  1919a,  p.  27g.  cf,  9,8.  Nome  (Johansen)  and  west  of  Collinson 
Point  (LeflSngwell),  Alaska;  Kamarkok,  west  of  Herschel  Island,  and 
Herschel  Island  (Johansen);  Bernard  Harbour,  Northwest  Territories 
(Johansen). 

praticolus.    See  centralis,  fiavifrons,  pleuralisy  rufodnctus,  and  p.  503. 

proximus.    See  occidentalis. 

prunellaoB.    See  cockerelli  and  rufocinctiis. 

pvlcher.    See  formosus, 

pulnami.    See  kirhyellus. 

pyropygus.    See  kirbyellus  pyropygtis. 

[F.]  ramonenBis  Franklin,  1913a,  p.  140.    (B.  Bombias)  d*.  San  Ramon, 

(?)  Costa  Rica. 
ridingsii.    See  bimdc^datus. 
[F.]  rubicundus  Smith,  1854,  p.  400.     9  .    Colombia. 

Handlirsch,  1888,  p.  236.    Venezuela. 

B.  hicolor  Friese,  1903,  p.  254.  8.  Cuenca,  Ecuador;  2200  m.  Colom, 
Mexico. 

B,  (Bombias)  rubicundus  Franklin,  1913a,  p.  162.    cT.    Callanga,  Peru. 

[F.]  rufodnctus  Cresson,  1863,  p.  106.  cf  *,  9  .  Pikes  Peak,  Colorado; 
(W.  J.  Howard). 

B,  temarius  (in  part)  Putnam,  1863,  p.  99  and  Packard,  1864,  p.  117. 
Bridport,  Vermont;  the  nest  "  under  the  clapboards  of  a  house." 

B.  edwardsii  Cresson,  1878o,  p.  184.  9 ,  not  5?  and  cT.  Localities  doubtful, 
as  it  is  not  said  where  each  fcx  came  from. 
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Guignard)  1886,  p.  68.    Ottawa,  Canada. 

B.  pralicola  Provancher,  1888,  p.  341.  8,  not  the  d^.  Ottawa,  Canada; 
(Guignard). 

Cockerell,  1893,  p.  338.  West  Cliff,  Custer  County,  Colorado;  V,  VIII; 
at  Gymnolomia  mtdtiflora. 

B.  iridis  Cockerell  and  Porter,  1899,  p.  386.  9  .  Beulah  and  Monument 
Rock  (Santa  F6  Canyon,  8000  ft.),  New  Mexico;  V,  VIII;  at  Iris  missouri- 
ensis  and  Rudbeckia  laciniaia;  (Porter). 

B.  pruneUce  Cockerell  and  Porter,  1899,  p.  391  (the  part  from  Beulah, 
New  Mexico). 

(?)  B.  temarius  Cockerell,  1899,  p.  156.  Seattle,  Washington;  IV; 
(Kincaid). 

B.  edimrdsii  Titus,  1902,  p.  41.  Fort  Collins,  Bellvue,  Rist  Canyon,  West- 
lake,  and  Barnes  Camp  (8000  ft.),  Colorado;  VI-VIII. 

Titus,  1902,  p.  43.    Horsetooth  Gulch,  Colorado. 

B.  iridis  Cockerell,  1904,  p.  8.    Pecos,  New  Mexico;  VI;  at  FaUugia. 

B.  iridis  phacetiee  Cockerell,  19066,  p.  160.  9  .  Ward,  Colorado;  9000 
ft.;  VII;  At  Phacelia  drcinata. 

B.  prunella  Viereck,  1906,  p.  238.  Oak  Creek  Canyon,  Arizona;  VIII; 
(Snow). 

B.  iridis  Cockerell,  1906,  p.  313.    "Canadian  to  Upper  Sonoran.** 

B.  edwardsii  Cockerell,  1906(i,  pp.  453,  454.  Florissant,  Colorado;  VI; 
at  Edwinia;  (Rohwer).  B.  iridis  phaceliai:  VII;  at  Polemonium  and  Pedi- 
cularis. 

Bombias  rufocindus  Swenk,  1907,  p.  295.  West  Point,  and  Glen,  Harrison, 
Pine  Ridge  and  (edwardsii)  Warbonnet  Canyon,  Sioux  County,  Nebraska; 
VII,  VIII;  at  Verbena. 

B.  rufodnctus  astragali  Cockerell,  1907c,  p.  97.  9 .  Boulder,  Ward,  and 
Florissant,  Colorado;  VI;  at  white  Astragalus  and  at  Phacdia;  (W.  P.  and 
T.  D.  A.  Cockerell,  Rohwer). 

Cockerell,  19076,  p.  257.  Eldora,  Colorado;  at  GaiUardia.  Also  varieties 
phaceluBy  iridis^  and  astragali. 

Fletcher  and  Gibson,  1908,  p.  111.  Radisson,  Saskatchewan,  and 
Ottawa,  Canada;  IX;  (Fletcher). 

Tucker,  1909,  p.  277.    Colorado  Springs,  Colorado;  VIII. 

B.  hyperboreus  albertensis  Cockerell,  1909c,  p.  36.  9 .  Calgarj',  Alberta; 
(Dod).    See  also  Cockerell,  19136,  p.  110. 

B.  rufodnctus  phacelice  and  astragali  Cockerell,  1910a,  p.  25.  Calgary, 
Alberta;  VI. 

B.  (Bombias)  rufodnctus  Franklin,  1913,  p.  438.  Oregon.  California. 
Nevada.  Utah.  Mescalera,  New  Mexico.  Montana.  WYoanNc. 
Kansas.  South  Dakota.  St.  Paul,  Minnesota.  Wisconsin.  Michigan. 
New  York.  Tennessee  (?).  Quebec.  Ontario.  Manitoba.  Regina,  old 
territory  of  Assiniboia. 

Frarklin,  1915,  p.  414.  Fargo,  North  D.ucota.  Detroit,  Minnesota; 
(Stevens). 

B.  rufodnctus  astragali  Cockerell,  19156,  p.  483.  Tolland,  Colorado; 
at  Eraser  a  sienosepala. 
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B.  rufocinctus  castoris  Cockerell,  1915,  p.  537.  cf .  Beaver  Creek,  Mon- 
tana;  6300  ft.;    VIII;    (Hunter).    Franklin's,  1913,  "Variety  6." 

B,  ryfocinclus  phacelug  Cockerell,  I9l9dj  p.  358.  Minnehaha,  Pikes  Peak, 
Colorado;  (Frances  Lorg.) 

Doubtless  the  several  varieties  should  be  recognized;  some  of  them 
may  even  be  distinct  species. 

Tufosuffusus,    See  huntii. 

sandersoni.    See  vagans  sandersoni. 

schmiedeknechti.    See  terrestris  moderatus. 

schneideri.    See  ephippiatus. 

scutellaris.    See  fraiemus. 

[F.]  saparatus  Cresson,  1863,  p.  165.    9*,  9.     Pennsylvania.     Rock 

Island,  Illinois;  (Walsh).    Canada;  (Saunders).     B.  mrginicusj 

d^,p.  87. 

Cresson,  1864,  p.  41.    Northern  New  York;  (Ashton). 

Putnam,  1864,  p.  101,  and  Packard,  1864,  p.  114.  Bridport,  Vermont. 
Boston,    Massachusetts.    Nest. 

Putnam,  1876,  p.  195,  and  Cresson,  1876,  p  210.  Davenport,  Iowa. 
Spring  Lake,  Utah. 

Bowles,  1880,  p.  33.    Montreal,  Canada. 

Handlirsch,  1888,  p.  229  (part).    Georgia  (?). 

B.  virginicus  Provancher,  1888,  p.  339.    cf.    Quebec,  Canada. 

Robertson,  1891a,  pp.  569-596.  Carlinville,  Illinois;  at  Asdepias  verticU- 
lata,  incamata,  comiUiy  svUivanli,  and  purpurescens,  Aceraies  longifolia, 
HydrophyUum  appendiculatum,  Mertensia  virginica,  Ipomcea  pandurata, 
CoUinsia  vema,  Gerardia  pedicularis  and  tenuifolia. 

Robertson,  1894,  pp.  436-475.  Macoupin  County,  Ilunois;  at  Prunm 
serotina,  Rosa  humUis,  Pyrus  coronaris,  Crakegus  cmsgaUi,  Veronia  fascicu- 
lata  (printed  noveboracensis  but  charged  by  author  in  copies  he  sent  out), 
Lacinaria  ['^LieUris"]  pycnostachya,  Solidago  canadensis  and  lanceolaia,  Aster 
novcB^ngluE,  Silphium  laciniaium,  Echinacea  purpurea,  Rudbeckia  triloba, 
Helianthus  grosseserrcUus,  strumosus,  and  tuberosus,  Coreopsis  aristosa, 
HeUnium  autumnale  and  Cnicus  altissimus  discolor  and  lanceolatus. 

Robertson,  1895a,  pp.  142, 143.  9,5.  At  Frasera  carolinensis  and  Phlox 
pHosa. 

Robertson,  1896,  pp.  156, 160, 175, 178.  At  Podophyllum  peUalum,  ^sculus. 
Astragalus  canadensis.  Aster  ericoides  viUosus,  and  Rudbeckia  laciniata. 

Robertson,  1898a,  pp.  233, 236, 244.  At  Comusflorida,  Viburnum  pubescens 
and  Helianthus  divaricatus. 

Cockerell,  1899c,  p.  3.    Baldwin,  Douglas  County,  Kansas;  (Bridwell). 

Harris  and  Kucks,  1902,  p.  36.    Lake  View,  Kansas;  at  Cassia  chamcecrista. 

Titus,  1902,  p.  39.  Fort  Collins  (Stannard)  and  Hei^derson  (Gillette), 
Colorado;  VI-VIII. 

Viereck,  1903a,  p.  119.  Boonslx>ro  and  Chestertown,  Maryland;  VIII; 
(Varatta). 

Bombias  se  parol  us  Robertson,  1903,  pp.  176,  177. 
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Bombiaa  aeparalus  Viereck  et  al.j  1904,  p.  97.  Corvallis,  Oregon;  III-XI; 
(Cordley). 

Graenicher,  1906,  p.  14.  Menotnonee  Valley,  Wiscxjnsin;  at  Sanguinaria 
canadensis. 

Grsenicher,  1907,  p.  93.     9 .    At  Ribes  cynoshati. 

Bombias  separatus  Swenk,  1907,  p.  294.  Lincoln,  Omaha,  Beatrice,  South 
Bend,  Weeping  Wa'er,  Nebraska  City,  West  Point,  Neligh,  Niobrara,  Spring- 
view,  Gordon,  and  Sioux  County,  Nebraska;  III-X;  at  Prunus,  SaUx, 
Ribes,  RvbuSj  Malus,  AstragaluSf  Lonicera,  Petalostemon,  PsoraleOj  Verbena, 
SymphoricarpoSf  Monardia,  Cassia,  Solidago,  Carduus,  and  Helianthtts, 

Cockerell,  19076,  p.  258.    Boulder,  Colorado;  VIII;  (W.  P.  Cockerell). 

Tucker,  1909,  p.  278.    Lawrence,  Kansas;  V. 

Bombias  separatus  Smith,  1910,  p.  699.  Caldwell  and  Westville,  Nbw 
Jersey.    Staten  Island,  New  York. 

Cockerell,  1911,  p.  391.    Cuttyhunk  Island,  Massachusetts;  VII. 

Bombias  separatus  Grajnicher,  1911,  p.  249.  Solon  Springs  in  Dou^as 
County,  Randall  and  the  mouth  of  the  Yellow  River  in  Burnett  County, 
Hudson  in  St.  Croix  County,  Prescott  and  Maiden  Rock  in  Pierce  County, 
and  Fountain  City  in  Buffalo  County,  Wisconsin;  VII,  VIII. 

B.  (Bombias)  separatus  Frarklin,  1913,  p.  425.  Connecticut.  Rhode 
Island.  Delaware.  Virginia.  West  Virginia.  Ohio.  Detroit  and 
Maple,  Michigan.  Indiana.  Kentucky.  Grand  Rapids,  Wisconsin. 
Minnesota.  Missouri.  Charlotte  and  Raleigh',  North  Carolina.  South 
Carolina.  Georgia.  Capron  and  Miami,  Florida.  Alabama.  Missis- 
sippi. Louisiana.  Tennessee.  Arkansas.  North  and  South  Dakota. 
Montana.  Wyoming.  Idaho.  Pasco,  Wawawai,  Almota,  and  Yakima 
City,  Washington.    Echo,  Oregon. 

Bombias  separatus  Viereck,  1916,  p.  759.    New  Haven,  Connecticut. 

Bequaert,  1920,  p.  9.    Sherborn,  Massachuseits. 

See  bimaculatus. 

[P.]  8itkeii8i8  Nylander,  1848,  p.  235.     9  ,  12 ,  d" .    Sitka,  Alaska. 

B.  oref^o/ieTww  Cresson,  1878a,  p.  185.    cf.    Oregon;  (Eldwards). 

B.  mixtuosus  Ashmead,  1902a,  p.  128,  9,5.  PopOff  Island,  Yakutat, 
Virgin  Bay,  and  Fox  Point,  Alaska;  VI,  VII. 

(?)  B.  mixtuosus  Viereck  et  al,  1904,  p.  99.  Vancouver,  British  Columbia; 
V,VI;   (Harv.T). 

(?)  B.  oregonensis  Viereck  et  al.,  1904,  p.  99.  Corvallis,  Oregon;  III- 
VIII;  (Cordley).      Vancouver,  British  Columbia;  V. 

B.  derhamellus  siikensis  Friese,  19045,  p.  518. 

Fletcher  and  Gibson,  1908,  p.  111.  Mt.  Cheam,  British  Columbia, 
(Fletcher) ;  and  Skagway  District  of  Northern  British  Columbia,  (White- 
Fraser). 

Franklin,  1913,  p.  377.  Fort  Wrangel,  Seldovia,  Juneau,  and  Urea, 
Alaska.  Comox  and  Metlakatia,  British  Columbia.  Mt.  Rainier,  Oljrmpic 
Mountains,  Seattle,  and  Pullman,  Washington.  Mt.  Hood,  Oregon. 
Lolo  Trail  and  Bitter  Root  Mountains,  Idaho.    Fieldbrook,  California. 

See  alboanalia  and  frigidus. 
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[D.]  BonomiB  Howard,  1904,  PI.  ii,  fig.  7.  9  .  No  text  description;  no 
locality.  B.  '^sonomce*^  was  probably  intended  by  Howard  to  be 
*^8onorus'^  but  was  misprinted. 

Franklin,  1913a,  p.  133.  9,  9,  c?*.  Eslava  and  (Townaend)  Meadow 
Valley  (7000  ft.;  at  head  of  Rio  Piedras  Verdes,  six  miles  south  of  Colonia 
Garcia,  Sierra  Madre  of  western  Chihuahua),  Mexico. 

soTwrensis.    See  sonorus, 

[D.]  Bonorus  Say,  1837.    9  .    Mexico. 

B.  pennsylvanuma  Handlirsch,  1888,  p.  238  (part).  Puebla,  Orizaba, 
Tacubaya,  and  Chapultepec,  Mexico. 

B.  sonoremis  Fox,  1893,  pp.  23,  120.  San  Jos^  del  Cabo,  Comondu,  and 
El  Taste  (3400  ft.),  Lower  California,  Mexico;  III;    (Eisen,  Haines). 

B.  pennsybanicus  sonorus  Dalla  Torre,  1896,  p.  539. 

Cockerell  and  Porter,  1899,  p.  388.  Rio  Ruidoso  in  White  Mountains  at 
6500  to  6900  ft.  and  Las  Cruces,  New  Mexico;  VII,  VIII;  at  Monarda 
stridaj  Verhascum  thapsuSj  Vicia  near  ptdcheUOy  Prunella  mdgariSf  MenU 
zdia  rusbyi^  Rhus  glabra^  and  Helianthus  annuus. 

Cockerell,  1904,  p.  8.  Pecos,  New  Mexico;  VIII.  Also,  p.  234,  San  Pedro, 
Caupornia,  VII;  at  Datura  meteloides  and  Cassalpinia  giUiesi. 

Cockerell,  1906,  p.  313.  Mesilla  Valley,  New  Mexico.  "Transition  to 
Lower  Sonoran." 

Davidson,  1911,  p.  66.  Caupornia:  "Fairly  common  on  the  coast  [near 
Los  Angeles]  and  has  been  collected  inland  through  the  ranges  around  the 
Mohave  desert  to  Inyo  County  and  at  Palm  Springs  in  the  Colorado  desert." 

Franklin,  1913,  p.  407.  Devil's  River,  Kerrville,  Llano,  and  San  Antonio, 
Texas.  Silver  City  and  Alamogordo,  New  Mexico.  Reef,  Palmerlee  and 
Huachuca  Mountains,  Arizona.  San  Luis,  Cholula,  San  Luis  Potosi,  Morelia, 
and  Guadalajara,  Mexico. 

Franklin,  1915,  p.  414.  Northern  Sonora,  Mexico;  (Morrison).  (?) 
Sonoma  County,  California. 

[D.]  steindachneri  Handlirsch,  1888,  p.  239.  S  ,  cT .  Yapanema,  Brazil. 
Cuernavacca,  Mexico. 

Franklin,  1913a,  p.  105.     9 .    Tacubaya,  Mexico. 

Franklin,  1915,  p.  414.  Mexico:  Chilpancingo  (4600  ft.),  Amula  (6000 
ft.),  Acaguizotla  (3500  ft.),  and  Tepetlapa  (3000  ft.),  all  in  Guerrero, 
(Smith) ;  Jalisco,  in  San  Bias,  and  Tepic,  (Schumann) ;  and  Ventanas  (2000 
ft.),  (Forrer). 

[K.]  BtrenuuB  Cresson,  1863.  9*,  cf.  Yukon  River,  Alaska,  and 
"Hudson  Bay  Territory ''*;  (Kennicott). 

(?)  B.frigidus  Ashmead,  1902a,  p.  126. 

Franklin,  1913,  p.  297.    Fort  Yukon  and  Fort  Cosmos,  Alaska. 

suckleyi.    See  Psithyrus  suckkyi. 

[P.]  sylvicola  Kirby,  1837,  p.  272.    Lat.  65*",  America. 
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(?)  B.  omatus  Smith,  1854,  p.  398.    9 ,  8,  cf ,  (part).    Hudson  Bat. 

Cresson,  1863,  p.  106.  Yukon  River  and  Great  Slave  Lake,  Caxada: 
(Kennicott). 

Cresson,  1879,  p.  231.    Colorado. 

(?)  Bowles,  1880,  p.  33.    This  Montreal  record  is  probably  erroneous. 

Ashmead,  1902a,  p.  127.  Kukak  Bay,  Popoff  Island,  Seldovia,  and  Ud- 
alaska,  Alaska;  VII,  VIII. 

Fletcher  and  Gibson,  1907,  p.  129.  Fullerton,  Hudson  Bay  Country; 
VI;  (Hackett). 

Franklin,  1913,  p.  338.  Nain  and  Rama,  Labrador.  Rigolet  and  Ungava 
Bay,  Ungava.    Point  Barrow  (Lat.  71**),  Alaska. 

Lutz,  1916,  p.  515.    Langton  Bay,  Northwest  Territory;  (Anderson). 

Sladen,  1919,  p.  127.    Makes  it  a  synonym  of  the  Eurasian  lapponictts  Fab. 

Sladen,  1919a,  p.  29g.  9,  cT,  ^.  Nome,  and  Teller,  Alaska.  Hersebel 
Island,  Yukon  Territory.    Bernard  Harbour,  Northwest  Territory. 

See  melanopygus. 

[P.]  sylvicola  flavicollis  Friese,  1911,  p.  572.  {B,  lapponiciis  flavicollis) 
Pikes  Peak,  Colorado. 

[P.]  sylvicola  Johanseni  Sladen,  1919a,  p.  30g.  9,5.  Nome  and  Teller, 
Alaska.  Herschel  Island,  Yukon  Territory.  Bernard  Harbour, 
Northwest  Territories,  (Johansen).  Batrer  Island  (Jenn^) 
and  CoUinson  Point  (Leffingwell),  Alaska.  Fort  Epworth,  Corona- 
tion Gulf  (O'NeiU). 

[P.]  temariuB  Say,  1837,  p.  414.  cT.  Indiana;  Franklin  doubts  the 
locality.  A  description  of  temarius  Harris,  1835,  p.  70,  nom.  nud., 
Massachusetts. 

(?)  B.  omatus  Smith,  1854,  p.  398.    9 ,  5,  d',    (part).    Hudson  Bay. 

Cresson,  1863,  p.  104.  9,5,  cf,  (part).  Maine.  Connecticut.  Penn- 
sylvania. The  records  for  Kansas,  Utah,  Puget  Sound,  and  Arctic  America 
are  doubtful. 

Putnam,  1864,  p.  99.    Bridport,  Vermont.    Nest. 

Bowles,  1880,  p.  33.    Montreal  and  Quebec,  Canada. 

B.  temarius  omatus  Handlirsch,  1888,  p.  230. 

(?)  Cockerell,  1893,  p.  337.  Willow  Creek,  Custer  County,  Colorado; 
VIII. 

Evans,  1896,  p.  13.    Sudbury,  Ontario. 

Harvey  and  Knight,  1897,  p.  79.    Jackman,  Maine. 

Lovell,  1898a,  pp.  383,  387,  389.  At  GauUheria  procumbens,  Camus 
stolonifera  and  Aralia  racemosa. 

Lovell,  1907,  p.  197.  Waldoboro,  Maine;  IV-IX;  At  Salix  discolor  and 
bebbiana,  ^sculus  hippocastanumy  Rhodora  canadensis^  Gaylusaccia  resinosa, 
Rhus  typhina,  Solidago  bicolory  Aralia  hispida^  and  Eupalorium  perfoliaiwn. 

Fletcher  and  Gibson,  1907,  p.  129.   Prince  Albert,  Canada;  VII;  (Fletcher). 

B.  temarius  Grsenicher,  1907,  pp.  26,  36,  91,  93.  9,  5.  Wisconsin;  at 
Allium  cernuum,  Vagnera  stellata,  Ribes  oxyacanthoides  and  cynosbati. 
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B.  huniii  {*'  —temarius")  Graenicher,  1911,  p.  248.  Solon  Springs  in 
Douglas  County,  Never's  Dam  in  Polk  County,  and  Fishtrap  and  the  mouths 
of  the  Nemakagon  and  Yellow  Rivers  in  Burnett  County,  Wisconsin; 
VII,  VIII. 

Franklin,  1913,  p.  213.  New  Hampshire.  New  York.  Jeannette, 
Pennsylvania.  West  Virginia.  Grand  Rapids,  Wisconsin.  Minneapolis, 
St.  Paul,  and  Lake  Itasca,  Minnesota.  Bigstone,  South  Dakota.  Tower 
City,  North  Dakota.  Hampton,  Prince  Edward  Island.  Saguenay 
River,  Quebec.  Ottawa,  Ontario.  Winnipeg,  Montreal.  Oxbow, 
Regina,  and  Carnduff,  Saskatchewan.  St.  Albert  and  MacLeod,  Alberta. 
There  is  no  doubt  but  that  the  Barbados,  W.  I.,  record  is  either  a  mistake  or 
due  to  an  accident. 

Crawford,  1913,  p.  269.  Red  Head,  St.  John,  Douglas  Harbor,  Grand 
Lake,  and  Nerepis,  New  Brunswick;  VII-IX. 

Franklin,  1915,  p.  414.  Fargo  and  Medora,  North  Dakota.  Lake  Park, 
Minnesota;  (Stevens). 

Lutz,  1916,  p.  514.  Battle  Harbor,  Labrador;  (Leng).  Lake  Marcia, 
Sussex  County,  New  Jersey. 

Cockerell,  1916c,  p.  7.  Floodwood,  Schoolcraft  County,  and  Whitefish 
Point,  Chippewa  County,  Michigan;  VII;  (Gaige,  Andrews). 

Bequaert,  1920,  p.  9.  Sherborn,  Massachusetts.  Colebrook,  Connecti- 
cut. 

See  edwardsii,  fervidus,  huniii,  melanopyguSy  mexicen-sis,  and  ryfoctndus. 

temarius  hifarius.    See  edwardsii. 

[P.]  temarius  ezpalliduB  Cockerell,  1916c,  p.  9.  Floodwood,  Schoolcraft 

County,  Michigan;  VII;   (Gaige). 
temarivs  lacustris.    See  edwardsii, 

[T.]  terrestris  moderatus  Cresson,  1863,  p.  109.  (B.  moderatiis)  New 
name  for  B.  modestus  Cresson,  1863,  p.  99  (not  Smith).  9 . 
Yukon  River,  Arctic  America;  (Kennicott). 

B.  terrestris  ferrugineus  Schmiedeknecht,  1878,  p.  359.     9,9,  cf . 
B.  terrestris  scmhiedeknechti  Meunier,  1888,  pp.  173,  197.    Franklin's  page 
reference  is  wrong.    See,  however,  Handlirsch,  1888a,  p.  64. 
B.  terricola  modestus  Handlirsch,  1888,  p.  234. 
B,  moderatus  Ashmead,  1902a,  p.  123.    Kodiak,  Alaska;  VII. 
Fletcher  and  Gibson,  1908,  p.  111.    Banff,  Canada;  (Sanson). 
Franklin,  1913,  p.  262.    "This  form  ranges  throughout  the  greater  part  of 
Europe  and  Siberia.     In  the  New  World,  it  appears  to  be  confined  to 
Alaska,  though  it  may  possibly  be  found  in  the  adjoining  territory  of 
Yukon.    My  Alaskan  records  are  as  follows:  Point  Barrow,  Cosmos,  Kukak 
Bay,  Koynkuk  and  Kodiak.    I  also  have  records  from  Petropaulski,  Kam- 
chatka and  Bering  Island." 

Diven,  1916,  p.  470.    Maligne  Lake,  near  Jasper,  Alberta;  VII. 
Sladen,  1919,  p.  127.    Considers  it  to  be  a  "form"  of  the  Eurasian  lucarum, 
BAucorum  moderatus  S\&den,  1919a J  p.  SIq,    9.    Nome,  Alaska;  (Johan- 
sen). 
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ierrestris  ierricoln.     See  lerricola, 

[T.]  terricola  Kirby,  1837,  p.  273.     9  .    Lat.  65°,  North  America. 

Cresson,  1863,  p.  99.    5;  Hudson  Bay  Territory. 
Cresson,  1864,  p.  41.    Northern  New  York;  (Ashton). 
Packard,  1864,  p.  112.    cf .    Maine. 
Bowles,  1880,  p.  33.   Quebec  and  Montreal,  Canada. 
Evats,  1896,  p.  13.    Sudbury,  Ontario. 
Harvey  and  Knight,  1897,  p.  79.    Jackman,  Maine. 

Fletcher  and  Gibson,  1907,  p.  129.  Kebinakagami  River,  near  height  of 
land,  Hudson  Bay  slope;  VIII;  (Wilson). 

Lovell,  1898o,  p.  383,  385,  387-389.  At  GauUheria  procumbens,  Impaiiens 
biflorOf  Comus  atolonifera  ai.d  aUemifoliay  and  Aralia  racemoaa. 

Lovell,  1907,  p.  196.  Waldoboro,  Maine;  IV-VII;  at  Scdix  discolor  and 
bd)bianaf  Rhodora  canadensiSf  ^scvlxis  hippocastanuniy  Rosa  humilis.  Vibur- 
num alnifolium^  Gaylussacia  resinosa^  Aralia  hispida^  Solidago  tricolor,  Vicia 
cracca,  Epilobium  angustifolium^  and  Eupatorium  perfoliaium. 

Titus,  1908,  p.  317.    Rock  Harbor  and  Siskowit  Bay,  Isle  Royale,  Micm- 
qan.     His  records  from  Karsas  and  Colorado,  and  possibly  the  one  from 
Illinois,  are  probably  in  error. 
Cockerell,  1910a,  p.  25.    Calgary,  Alberta;  VI,  VII. 
B.  ierrestris  terricola  Friese  and  Wagner,  1910,  p.  28. 
Cockerell,  1911,  p.  390.    Woods  Hole,  Massachusetts;  (Cattell). 
Gra^nicher,  1911,  p.  249.    Solon  Springs  and  St.  Croix  Dam  in  Dougilas 
County,  and  Fishtrap,  Randall,  and  mouths  of  the  Nemakagon  and  Yellow 
Rivers  in  Burnett  County,  Wisconsin;  VII,  VIII. 

Franklin,  1913,  p.  274.  All  the  New  England  states  except  Rhode  Island. 
Oneida,  Keere  Valley,  and  Lorg  Island,  New  York.  Newfoundland. 
Prince  Edward  Inland.  Ottawa,  Lake  of  Bays,  and  Nepigon,  Ontario. 
Arveme  and  Winnipeg,  Manitoba.  Oxbow  and  Regina,  Saskatchewan. 
St.  Albert  and  Edmonton,  Alberta.    Lake  Itasca,  Minnesota. 

Crawford,  1913,  p.  269.  Red  Head,  St.  John,  and  Nerepis,  New  Bruns- 
wick; Vll-X. 

Franklin,  1915,  p.  413.  Fargo,  North  Dakota.  Detroit  and  I^ke  Park, 
Minnesota;    (Stevens). 

Lutz,  1916,  p.  521.  Ramsey,  New  Jersey.  Black  Mountains,  North 
Carolina;  (BeutenmuUer).  Boisedale,  Cape  Breton  Island,  Codroy,  and 
Spruce  Brook,  Newfoundland. 

Viereck,  1916,  p.  758.    Branford  and  Colebrook,  Connecticut;  V,  VII. 
Cockerell,  1916c,  p.  10.    Floodwood,  Schoolcraft  County,  and  Whitefish 
Point,  Chippewa  County,  Michigan;  VII;  (Gaige,  Andrews). 

Bequaert,  1920,  pp.  9,  10.  Forest  Hills,  Auburndale,  and  Sherbom, 
Massachusetts.  Es.scx  Falls,  Essex  County,  New  Jersey.  Astoria,  Long 
Island,  New  York. 

Sladen,  1919,  p.  126.    Banff,  Alberta.    Compares  it  with  ierrestris.    Says 
it  is  distinct  from  occideutalis. 
See  occuientalifi. 

tUnsi.    See  americanorum. 
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tricolor.    See  kirbye'^us, 

[P.]  trinominatUB  Dalla  Torre,  1890,  p.  139.    New  name  for  modestus 
Smith,  not  Eversmann. 

B.  modestus  Smith,  1861,  p.  153.     9,  not  8.      Oaxaca,  Mexico.     (See 
Meade-Waldo,  1916,  p.  469.) 
Franklin,  1915,  p.  411.    Omilteme,  Guerrero,  Mexico;  8000  ft.;   (Smith) 

unifasciatus.    See  medius  and  mexicanus. 

[P.]  vaffang  Smith,  1854,  p.  399.     9  .    "North  America.^' 

Cresson,  1863,  p.  91.  8,  cf  (not  9).  Canada.  Maine.  Connecticut. 
Pennsylvania.  New  Jersey.  Delaware.  District  op  Columbia. 
Virginia.    Illinois. 

B.  cow^imt/w  Cresson,  1864,  p.  41.  9.  Canada.  New  York.*  Massa- 
chusetts. 

Cresson,  1864,  p.  41.    Northern  New  York;  (Ashton). 

Packard,  1864,  p.  115  (not  the  9 ).  Warwick,  Massachusetts.  Chamber- 
lain Lake  at  the  headwaters  of  Penobscot  River,  Maine. 

(?)  Bowles,  1880,  p.  33.    Quebec  and  Montreal,  Canada. 

B.  consimilis  Provancher,  1883,  p.  734. 

Provancher,  1888,  p.  339.    Cap  Rouge,  Canada. 

Robert  sor,  1891a,  pp.  571-595.  At  Asclepi€is  incamata  ard  purpurescensy 
Triosteuni  pei'foliatumf  Phlox  divaricatay  Polemonium  reptanSj  HydrophyUum 
virginicum  and  appendiadatum,  Mertensia  virginicay  Ldnaria  vulgaris j  Scro- 
phularia  nodosa  marilandicay  Penistemon  pubescens,  Veronica  virginicOy 
Seymeria  macrophyUay  and  Gerardia  pedictdaria. 

Robertson,  1894,  pp.  452,  455,  471.  Macoupin  County,  Illinois;  at 
Eupatorium  serotinuniy  Solidago  canadensiSy  and  Helianthvs  tvberosus. 

B.  consimilis  Evars,  1896,  p.  13.    Sudbury,  Ontario. 

Harvey  and  Knight,  1897,  p.  79.    Jackman,  M/|ne. 

Lovell,  1898,  pp.  4,  5  (of  separate).  Waldoboro,  Maine;  at  Sagittaria 
kdifolia  and  PorUederia  cordata.  1898a,  pp.  383,  385,  389;  at  GauUheria 
procumhensy  Chelone  glabrOy  Impatiens  bifloray  and  Aralia  racemosa;  also 
"B.  consimilis'^  at  the  first  two. 

(?)  B.  conHmilisy  Viereck,  1901,  p.  325.  Eagle  City  (65°  31'  N.),  Alaska; 
(Kirk). 

B.  consimilis  Britton  and  Viereck,  19(X),  pp.  213,  217,  219.  At  Rihes 
nigrumy  Pyrus  malusy  and  Cydonia  vulgaris. 

B.  consimilis  Grsenicher,  1907,  pp.  23,  32,  36,  40,  42,  91,  94.  5,  9  .  Wis- 
consin; at  Allium  iricoccumy  Asparagus  officinalis,  Clintonia  borecdiSy  Va^~ 
nera  stellatay  Salomonia  biflora  and  com^niUata,  Rihes  oxyacanthoides  and 
gracUe. 

B,  consimilis  Lovell,  1907,  p.  198.  Waldoboro,  Maine;  V-IX;  at  Salix 
bebbianUy  Lonicera  dliatay  Rhodora  canadensiSy  Clintonia  borealisy  Rhus 
typhina,  Epilobium  angustifolium,  Pontederia  cordata,  Falcata  comosa,  Tri- 
folium  pratense,  Pontederia  cordata,  Epilobium  angustifolium. 

B.  consimilis,  Swo^k,  1907,  p.  296.  Lincoln,  Omaha,  South  Bend,  Weeping 
Water,  Meadows,  Cedar  Bluffs,  Nebraska  City,  Falls  City  and  Nemaha  City, 
Nebraska;  at  Rubus,  Lonicera,  and  Petalostemon . 
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B.  consimUis  Titus,  1908,  p.  317.    Rock  Harbor,  Isle  Royale,  Michigax. 

Fletcher  and  Gibson,  1908,  p.  111.  Restrevor,  Muskoka,  Onxakio. 
Regina,  Saskatchewan.  Banff,  Alberta.  Westbourne,  Maxitoba, 
VIII,  IX.    (Gibson,  Fletcher,  Wallis). 

B.  consimilis  Cockerell,  1910a,  p.  25.    Calgary,  Alberta;  YLl;   (Dod). 

Cockerell,  1911,  p.  390.    Woods  Hole,  Massachusetts;  (Cattell). 

B.  consimilis  Grsenicher,  1911,  p.  249.  Solon  Springs,  Gordon,  St.  Croix 
Dam,  and  Coppermine  Dam  in  Douglas  County,  Swiss  and  moutlis  of 
Nemakagon  and  Yellow  Rivers  in  Burnett  County,  Farmington  in  Pc^ 
County,  Maiden  Rock  in  Pierce  County,  and  Fountain  City  in  Buffalo 
County,  Wisconsin;  VII,  VIII. 

Franklin,  1913,  p.  349.  North  Carouna.  Kentucky.  Ohio.  Indiana. 
St.  Paul  and  Lake  Itasca,  Minnesota.  Iowa.  Missouri.  Kansas.  Nobis 
and  South  Dakota.  Eastern  Colorado.  Wyoming.  Missoula,  Big  Fork, 
and  Ravalli  County,  Montana.  Meach  Lake,  Quebec.  Ottawa  and  Nepigoo, 
Ontario.    Nest. 

Crawford,  1913,  p.  269.    St.  John  and  Nerepis,  New  Brunswick;  VTII-X 

Viereck,  1916,  p.  757.  Branford,  Colebrook,  Prospect,  and  Stonington, 
Connecticut.    He  recognizes  consimilis  as  a  variety. 

B.  consimilis  Cockerell,  1917c,  p.  212.  Falls  Church,  Virginia;  at  Hdi- 
anthus  annuus  zonaius. 

Bequaert,  1920,  p.  9.  Forest  Hills,  Auburndale,  Dedham,  Boston,  and 
Sherborn,  Massachusetts. 

See  affinis, 

[P.]  vagaxiB  sandersoni  Franklin,    1913,   p.   353.      9 .     Hanover  and 

Durham,  New  Hampshire.    Amherst,  Massachusetts. 
vancouverensis.    See  edwardmi. 
veganits.    See  flamfrons. 
velutinus.    See  niger. 
violaceus.    See  niger. 
virginicus.    See  impatiens  and  separatus. 
vogti.    See  volucelloides, 

[F.]  volucelloides   Gribodo,    1891,   p.    119.      9.     Chiriqui,  Panama. 
"Antioquia." 

B.  leucomelas  Crawford  and  Swenk,  1903,  p.  268.  9,5.  Cartago,  Vol- 
cano Irazu,  and  Monte  Redonda,  Costa  Rica;  II- VI. 

B.  vogti  Friese,  1903,  p.  254.  9 .  Bolivia.  Callanga  and  Marcapata, 
Peru.    Popayan,  Colombia.  . 

B.  (Bombias)  volucelloides  Franklin,  1913a,  p.  155.  Boquete,  Chiriqui, 
Panama.  Zarzero,  Costa  Rica.  Ecuador.  Chanchamayo,  Peru.  Tarata, 
Bolivia. 

Franklin,  1915,  p.  415.    Omilteme,  Guerrero,  Mexico;  8000  ft.;  (Smith). 
Rio  Sucio,  CosTA  Rica;  (Rogers). 
Friese,  1916,  p.  298.    San  Jos^,  Costa  Rica;  (Schmidt). 

[P.]  voBnesenskii  Radoszkowsky,  1862.     9,  cT.     California;    (Vos- 
nessensky). 
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B.  calif omicus  Smith,  1854,  p.  400.    cf  (not  9 ). 

B.  calif  omicus  Cresson,  1863,  p.  97.    8,  cf  (not  9 ). 

B.  fUwifrons  Smith,  1866,  p.  343.    Vancouver  Island,  British  Columbia. 

B.  califomicus  Handlirsch,  1888,  p.  243.    Localities  uncertain. 

B.  columbicus  Dalla  Torre,  1890,  p.  139.  N.  n.  for  fUwifrons  Smith,  not 
Cresson. 

B.  columbicus  Cockerell,  1904«,  p.  89.  Los  Angeles  and  Bear  Valley,  Cali- 
fornia; (Davidson). 

Cockerell,  1910,  p.  27.  San  Gabriel  Mountains,  near  Pasadena,  Cali- 
fornia; 1750  ft.;  VII;  (Grinnell). 

Franklin,  1913,  p.  325.  Oregon.  Washington.  Orsmby  County, 
Nevada. 

[F.]  weiBi  Friese,  1903,  p.  253.    5   (?),  cT.    San  Carlos,  Costa  Rica. 
Var.  albocaudatay  Bolivia. 

Friese,  1904a,  p.  188.    Banos,  Ecuador;  (Hsensch). 
B,  (Bombias)  weisi.  Franklin,  1913a,  p.  148.    San  Antonio,  Colombia. 
Friese's  workers  probably  belong  to  nigrodorsalis  montezumce. 
Franklin,  1915,  p.  412.    Huascary,  Peru;  6500  ft.;  (Townsend). 
See  nigrodorsalis. 

[D.]  wilmattaB  Cockerell,  19126,  p.  21.    (fi.  lateralis  wilmattce)  ^  ,  Anti- 
gua* and  Guatemala  City,  Guatemala;  (W.  P.  Cockerell). 

B.  ephippiatus  d  Handlirsch,  1888,  p.  233.   Guatemala. 
B.  gwUemalensis  Franklin,  1913,  pp.  196, 197.    Nomen  nudam. 
Franklin,  1913a,  p.  100.     9,9.   Quiche,  Guatemala.    Ecuador. 
Franklin,  1915,  p.  414.   Quezaltenago,  Guatej^ala;  7800ft.;  (Champion). 

Bremus  Panzer 
See  Bomhus, 

Caltptapis  Cockerell,  1906e,  p.  41 
(Type:  Calyptapis fhrissaniensis  Q]sXi.) 
florissantensiB  Cockerell,  1906e,  p.  42.    Fossil.    Florissant,  Colorado; 
(No.  4933,  S.  H.  Scudder).    "Not  far  from  certain  species  of  the 
modern  Melissodes^ 

Cockerell,  1908,  p.  324.  Fossil.  Miocene  Shales,  Station  13  B.  Florissant 
Colorado;  (W.  P.  Cockerell).    Shown  to  belong  to  the  Bombidse. 

PSTTHTBUS  Lepeletier,  1832,  p.  372 
(Type:  Apis  rupestris  Fabricius) 
Apathus  Newman,  1834,  p.  404. 

Like  Bomhus,  this  genus  has  been  divided  into  groups,  Lahoriosus, 
Ashtonij  and  FernaldcPy  which  are  indicated  here  by  their  initials.  It  has 
also  been  made  a  distinct  family  but  there  seems  to  be  no  excuse  for 
higher  than  subfamily  rank,  and  even  this  is  very  questionable. 
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alata.    See  lahoriosus  and  Bomhus  Jervidus. 

[A.]  ashtoni  Cresson,  1864,  p.  42.    {Apathits)     9  .    New  York*;    (Adi- 
ton).    Maine;  (Packard).    Canada;  (Saunders). 

Apathus  ashtoni  Packard,  1864,  p.  118.    Brunswick,  Maine.   Boston  (?), 

M  ASS  ACHU8ETT8 . 

Apathus  ashtoni  Bowles,  1880,  p.  33.    Quebec  and  Montreal,  Canada. 

Apatht^  ashtoni  Provancher,  1882,  p.  268.    Cap  Rouge,  Canada. 

Apathus  ashtoni  Provancher,  1883,  Faun.,  Ent.  Can.  Hym.,p.  736.  [Have 
not  seen.] 

Apathus  ashtoni  Evans,  1896,  p.  13.    Sudbury,  Ontario. 

Dalla  Torre,  1896,  p.  565. 

Bombus  asptoni  Harvey  and  Knight,  1897,  p.  79.    Jaclanan,  Maine,  VTH. 

P.  variabilis  Howard,  1904,  PI.  ii,  fig.  35. 

Lovell,  1907,  p.  199.  9,  cf.  Waldoboro,  Maine;  VI-YIH;  at  Vae- 
ciniumy  SolidagOy  Epilobium  angustifolium,  and  Aralia  hispida. 

(?)  P.  latiiarsus  Titus,  1908,  p.  317.   Rock  Harbor,  Isle  Royale,  Michigan. 

P.  consuUus  Fletcher  and  Gibson,  1908,  p.  11  (part).  Regina,  Saskatche- 
wan. 

Smith,  1910,  p.  698.  Caldwell  and  (variabilis)  Jamesburg,  New  Jersey; 
VII. 

Franklin,  1913,  p.  466.  Ontario.  Meach  Lake  and  Maisbnneuve,  Quebec. 
Hampton,  Prince  Edward  Island.  Conway,  Durham,  and  Twin  Moun- 
tain, New  Hampshire.  Vermont.  Ithaca,  New  York.  Connecticut. 
Pennsylvania.    Virginia.    Minnesota. 

Crawford,  1913,  p.  269.   Red  Head  and  St.  John,  New  Brunswick;  IX,  X. 

Franklin,  1915,  p.  415.  Fargo,  North  Dakota.  Lake  Park,  Minnesota. 
(Stevecs). 

Viereck,  1916,  p.  760.    New  Haven,  Connecticut;  VII. 

Cockerell,  1916c,  p.  8.  Floodwood,  Schoolcraft  County,  and  Whitefisfa 
Point,  Chippewa  County,  Michigan;  VII;  (Gaige,  Andrews). 

Sladen,  1919,  p.  127.    A  "form"  of  the  Eurasian  vestalis, 

Bequaert,  1920,  p.  10.  Auburr.dale,  Brookline,  Cambridge,  and  Sherborn, 
Massachusetts. 

[L.]  bicolor  Franklin,   1913,  p.  460.      9.     Rociada,  New  Mexico; 
(Cockerell). 

Franklin,  1915,  p.  413.    Xucumanatlan,  Guerrero,  Mexico;  7000  ft. 

calif  amicus.    See  Bmnhus  calif ornicua. 
cevallice.    See  Bombus  americanmum. 
dtrinus.    See  laboriosus. 
consultiis.    See  ashtoni  and  insularis. 
contiguus.    See  laboriosus. 

[L.]  crawfordi  Franklin,  1913,  p.  464.     9  ,  d".     Placer  County,  Cali- 
fornia.   Oregon. 
elatus.   See  laboriosus  and  Bombus  a?nericanorumy  fervidus,  and  perplexus. 
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[F.]  terxuJdn  Franklin,  1911,  p.  164.  9 .  Orono,  Maine.  Amherst, 
Massachusetts.  Webster,  Durham,  Crawfords,  Mt.  Washington 
and  Conway,  New  Hampshire.  Ithaca,  New  York.  Mt.  Rainier, 
Washington.  Kaslo  and  Metlakatla,  British  Columbia.  Nusha- 
gak  and  Sitka,  Ai^aska.  Is,  in  part,  the  P.  insularis  Ashmead, 
1902a,  p.  130.    Probably  the  9  of  tricolor. 

fratermis.    See  Bombus  fraiernus, 

[?.]  guatemalensiB  Cockerell,  19126,  p.  21.  cf.  Guatemala  City, 
Guatemala;   (W.  P.  Cockerell). 

[L.]  insularis  Smith,  1861,  p.  155.  {Apathxis)  9.  Vancouver  Island, 
British  Columbia.;  (Lyall). 

Bombus  interruptus  Greene,  1858,  p.  11.  9.  N.  W.  coast  of  America. 
Fort  Steilacoom*,  Washington  Territory.   Oregon;  VII.    (Suckley). 

Apathus  insularis  Cresson,  1863,  p.  113,  not  the  cf .  1876,  p.  210:  Empire 
and  Clear  Creek,  Colorado;  (Putnam). 

Handlirsch,  1888,  p.  248  (part). 

Ashmead,  1902a,  p.  130  (part). 

Viereck,  1902,  p.  45.    Beulah,  New  Mexico;  VII,  VIII;  (CockereU). 

Morrill,  1903,  p.  225.    Montana.    Durham,  New  Hampshire. 

Viereck,  et  a/.,  1904,  p.  100.  cT,  9.  Corvallis,  Oregon.  Mt.  Cheam, 
RiTisH  Columbia.    IV,  VI,  VIII.    (Cordley,  Harvey). 

Cockerell,  1906d,  p.  453.   Florissant,  Colorado;  VI;  at  Iris  missauriensis. 

Viereck,  1906,  pp.  238,  240,  242.  Oak  Creek  Canyon,  Arizona;  VIII. 
Madgalena  Mountain.s,  New  Mexico;  VII.  Manitou  Park,  Colorado. 
(Snow). 

Swenk,  1907,  p.  297.    Sioux  County,  Nebraska. 

P.  interruptus  Fletcher  and  Gibson,  1907,  p.  129.  Mount  Eklith,  Banff, 
Alberta;   VII;   (Fletcher). 

Cockerell,  1910a,  p.  25.    Calgary,  Alberta. 

Franklin,  1913,  p.  455.  Cloudcroft,  New  Mexico.  Utah.  Missoula, 
Gallatin  County,  Ravalli  County,  Big  Fork,  Bozeman,  Bridger  Canyon, 
and  Sedan,  Montana.  Pullman,  Washington.  Ithaca,  New  York, 
Glacier  and  Kaslo,  British  Columbia.  Saguenay  River,  Quebec.  (?)  Berg 
Bay,  Alaska. 

P.  consuUus  Franklin,  1913,  p.  459.  New  name  for  Apathus  insularis 
Cresson,  1863,  p.  113,  cf  var.  b.;  and  P.  suckUyi  Fletcher  and  Gibson,  1908, 
p.  111.  Mt.  Arrowsmith,  Kelowna,  and  Fort  MacLeod,  British  Columbia. 
Banff,  Alberta.  Regina,  Saskatchewan.  Pullman,  Blue  Mountains,  and 
Ellen  burg,  Washington.  Missoula  and  Gallatin  County,  Montana. 
Logan,  Utah.  Pagosa  Peak,  Ward,  and  Manitou  Peak,  Colorado.  Mag- 
dalena  Mountains,  New  Mexico. 

P.  consuUus  Cockerell,  19156,  p.  483.  Tolland,  Colorado;  at  Frasera 
stenosepala. 

Crawford,  1913,  p.  270.  Red  Head,  St.  John,  and  Nerepis,  New  Bruns- 
wick; VII,  IX,  X. 
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Sladen,  1915,  p.  84.  Agassix,  British  Columbia;  VII;  (Trehome).  Q 
and  cT  {consuUus)  in  nest  of  Bombus  flavifrans, 

Franklin,  1915,  p.  415.    Fargo,  North  Dakota;  (Stevens). 

Cockerell,  1916c,  p.  8.  Floodwood,  Schoolcraft  County,  and  Whitefi^ 
Point,  Chippewa  County,  Michigan;  VII;  (Gaige  and  Andrews). 

See  ashtoniy  femaldeef  suckleyi^  tricolor  and  Bombus  impatiens, 

interruptus.  See  insidaris  and  suckleyi. 

[L.]  intrudeiiB  Smith,  1861,  p.  154.    (Apathiis)     9  .    Oaxaca,   Mexico. 

Handlirech,  1888,  p.  248.    Puebla,  Mexico;  (Bilimck). 
FrankUn,  1915,  p.  413.    A  female  with  two  labels:  "Santa  Cruz  "  and  "San 
Geronimo,  Guatemala,  (Champion)." 

kodiakensis.    See  Bombus  kincatdii. 

[L.]  laborioBUS  Fabricius,  1804,  p.  352.    (Bombus)  ''Carolina." 

For  alata  and  elatus  see  p.  502. 

Apathus  citrinus  Smith,  1854,  p.  385.    d^.    United  States. 

Apathus  laboriosus  Cresson,  1863,  p.  111.     9 .    Canada.    CoNNEcnctrr. 

Apathus  contiguus  Cresson,  1863,  p.  112.  c?*.  Connecticut.  Pennsyl- 
vania.   Delaware.* 

Apathus  citrinus  Cresson,  1863,  p.  112.  Massachusetts.  CoNNEcncrr. 
New  York.    Ilunois. 

Apathus  laboriosus  Cresson,  1872,  p.  284.    Dallas  County,  Texas;  (BoU). 

Apathus  laboriosus  Cresson,  1879,  p.  230.   West  Virginia. 

(?)  Apathus  elatus  Bowles,  1880,  p.  33.    Montreal,  Canada. 

Apathus  laboriosus  and  citrinus  Provancher,  1882,  pp.  268,  269.  Cap 
Rouge,  Canada.  Have  not  seen  Provancher,  1883,  Faun.  Ent.  Can. 
Hymen.,  pp.  736,  737. 

Psithyrus  citrinus  Handlirsch,  1888,  p.  248. 

Dalla  Torre,  1896,  p.  569. 

Apathus  laboriosus  Robertson,  1891a,  p.  569.    At  Asclepias  verticillaia. 

Robertson,  1896a,  p.  156.    At  Pielea  tnfoliata. 

Apathus  elatus  Birkman,  1899,  p.  245.    Fedor,  Lee  County,  Texas. 

Viereck,  1903a,  p.  119.    College  Park,  Maryl-vnd;  X. 

Lovell,  1907,  p.  199.  Waldoboro,  Maine;  VII-IX;  at  Pontederia  cordala, 
Inula  heleniumy  Carduus  odoraius^  Epilobium  angustifoliumy  and  SolicUtgo. 

Swenk,  1907,  p.  297.    Lincoln  and  West  Point,  Nebraska;  VIII-IX. 

Fletcher  ard  Gibson,  1907,  p.  129.    Ottawa,  Canada;  IV;  (Fletcher). 

Smith,  1910,  p.  698.  Caldwell  and  (elatus)  Anglesea,  Jamesburg,  and  Mon- 
mouth County,  New  Jersey;  X. 

Grsenicher,  1911,  p.  248.  Maiden  Rock,  Pierce  County,  Wisconsin;  VII- 
VIII. 

Franklin,  1913,  p.  451.  Montreal,  Prince  Edward  Island,  and  Grand 
Manan  Island,  Canada.  New  Hampshire.  Vermont.  Maryland. 
Virginia.  Blowing  Rock,  Wilkesboro,  and  Bushnell,  North  Carolina. 
Tennessee.  Ke;ntucky.  Ohio.  Michigan.  Indiana.  St.  Paul  and  Lake 
Itasca,  Minnesota.  He  does  not  include  Texas;  see  Cresson,  1872,  p.  284, 
and  Birkman,  1899,  p.  245. 

Crawford,  1913,  p.  270.    Nerepis,  New  Brunswick;  VIII,  IX. 
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Franklin,  1915,  p.  415.  Fargo  and  Ka  hryn.  North  Dakota.  Lake  Park, 
Minnesota.    (Stevens). 

Viereck,  1916,  p.  760.    Branford  and  Salisbury,  Connecticxjt;  VIII. 

Cockerell,  1916c,  p.  8.  Whitefish  Point,  Chippewa  County,  Michigan; 
VI;  (Andrews). 

Bequaert,  1920,  p.  10.  Forest  Hills,  Stony  Brook  Reservation,  Auburndale, 
Brookline  and  Sherborn,  Massachusetts;  VII,  VIII;  at  Cephalanthus 
occidentalis. 

[A.]  latitarsuB  Morrill,  1903,  p.  224.  9  .  Gallatin  County  and  Boze- 
man*,  Montana;   (Cooley). 

Franklin,  1913,  p.  469.    Big  Fork,  Montana.    Blue  Mountains,  Washing- 
ton.   Vancouver  and  Kaslo,  British  Columbia.    (?)  Ithaca,  New  York. 
Probably  the  female  of  suckleyi. 
Franklin,  1915,  p.  416.    Creede,  Colorado;  8844  ft.;  (Hunter). 
See  ashtoni. 

[L.]  sololemis  Franklin,  1913a,  p.  173.     d^.     Olas  de  Moka,  Solola, 

Guatemala. 
[A.]  Bucklesri  Greene,  1860,  p.  169.  (Bombus)   cT  (according  to  Franklin, 
1913,  p.  471,  but  the  original  says  9  ).    Puget  Sound;  (Suckley). 
Apathtis  insxdaris  Cresson,  1863,  p.  113,  cf ,  var.  a. 
P.  irUerruptus  Dalla  Torre,  1896,  p.  569  (part). 

P.  consuUus  Fletcher  and  Gibson  1908,  p.  Ill  (part).  Nelson  and  Mt. 
Cheam,  British  Columbia. 

Franklin,  1913,  p.  471.    Kalso  and  Duncan's,  British  Columbia.    St. 
Albert,  Alberta.    Missoula  and  Gallatin  County,  Montana.    Moscow  and 
Beaver  Canyon,  Idaho.    Beaver  Range  Mountains,  Utah;  8000  to  10,000 
ft.    Santa  Clara  County,  California.    May  be  the  male  of  laiUarsus. 
Franklin,  1915,  p.  416.    Creede,  Colorado;  8844  ft.;  (Hunter). 

[F.]  tricolor  Franklin,  1911,  p.  167.  cf .  Fort  Wrangle,  Juneau,  Sitka, 
and  Fox  Point,  Alaska.  Banff,  Alberta.  Metlakatla,  British 
Columbia.  Olympic  Mountains,  Washington.  Ward  and  Pagosa 
Peak,  Colorado.  Brant  Lake  and  Otto,  New  York.  Weymouth, 
Nova  Scotia;  (Bolster).  Durham,  Webster,  and  Mt.  Washington, 
New  Hapmshire.  It  is  the  Apathus  insularis,  d^,  var.  c  Cresson, 
1863,  p.  113,  and  (?)  part  of  P.  insularis  Ashmead,  1902,  p.  130. 
Probably  the  male  oifemaldas. 

Cockerell,  1912/,  p.  84.  Eldora,  Colorado.  Ward,  Colorado,  designated 
as  the  typ)e  locality. 

[L.]  variabUiB  Cresson,  1872,  p.  284.  {Apathus)  9  *,  d" .  Bosque  County' 
Texas;   (Belfrage). 

Dalla  Torre,  1896,  p.  573. 

Apathtts  variahilis  Birkman,  1899,  p.  245.    Fedor,  Lee  County,  Texas. 
Cockerell,  1899,  p.  157.     Stillwater,  Oklahoma;    at  Prunm  americana; 
fRegnier).     Baldwin,  Kansas;    (Bridwell).    Tuerto  Mountain,  near  Santa 
F6,  New  Mexico;  8200  ft.;  VIII;  at  ^enico. 
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Swenk,  1907,  p.  297.  Lincoln,  Ashland,  Seward,  and  West  Pointy  Nebras- 
ka; V-X;  at  RubuSy  Verheiuiy  lAatriSj  BidenSy  SolidagOy  and  Carduus. 

(?)  Graenicher,  1911,  p.  248.  Solon  Springs  and  CoppermlDe  Dam  in 
Douglas  Coiinty,  and  the  mouths  of  the  Nemakagon  and  of  the  Yellow  Rivw 
in  Burrett  County,  Wi8<x)N8In;  VII-VIII. 

Franklin,  1913,  p.  461.  Dallas,  Cotulla,  Austin,  Trinity,  Victoria,  and  Gold- 
thwait,  Texas.    Alabama.    Illinois. 

Franklin,  1916,  p.  415.  Fargo,  North  Dakota,  (Stevens).  Orizaba, 
Mexico. 

See  ashtoni. 

vestalis.    See  asktoni. 

KUOLOSSIDm 

Eufriesia  Cockerell 
See  Euglossa, 

BuglosM  Latreille,  1802,  p.  385 

(Type:  Apis  cordata  Liinn6) 

Friese,  18996,  pp.  117-172,  gives  a  monograph  of  the  genus  with 

redescriptions  and  keys,     Ducke,  1902a,  and  Schrottky,  1903,  review 

Brazilian  species  and  give  keys.    Schrottky,  1907,  pp.  48-57,  reviews 

biology,  etc.,  of  Paraguay  species. 

Centris  Fabricius,  1804,  p.  354,  (Type:  Apis  dimidiata  Fabricius) 
is  a  synonym  of  Euglossa,  not  of  the  anthophorid  Hemesia,  according  to 
Schrottky.    See  the  discussion,  p.  549. 

The  following  subgenera  are  recognized. 

Eulaoma  Lepeletier,  1841,  p.  11.  ''Eulerm''  often  used,  is  French 
vernacular;  see  Cockerell,  19066,  p.  166. 

Eumorpha  Friese,  18996,  p.  126,  was  proposed  as  a  subgenus. 
Cockerell,  1904d,  p.  357,  noted  that  the  name  is  preoccupied  and,  1908c, 
p.  41,  substituted  Eufriesia  (Type:  pulchra  Smith). 

Olossura  Cockerell,  1917e,  p.  144.  Type:  Euglossa  pUiverUris 
Gu^rin. 

analis.    See  cordata  and  nigrita. 
angrdata.    See  smaragdina. 
auripes.    See  smaragdina. 

bicolorDucke,  1902a, pp. 566,570.    cf,  9.    Par^,BRAZiL;  at Anthurium 
regale. 

Crawford,  1906,  p.  158.     9 .    Pozo  Azul,  Costa  Rica;  V;  (Carriker). 
CflBrulescens  Lepeletier,  1841,  p.  11.    cf.    LocaUty  unknown. 
Smith,  1874,  p.  445.     9 ,  cf .    Mexico. 

Dalla  Torre,  1896,  p.  312,  considered  this  species  to  be  a  synonym  of 
violacea  Blanchard.    See  also  Ducke,  1910,  p.  367. 
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E.  (Eumorpha)  ccervlescens  Friese,  18996,  p.  145.    Brazil. 

Schrottky  1903,  p.  592.   Sa6  Paulo,  Brazil. 

Friese,  1916,  p.  296.    San  Jos^,  Costa  Rica;  (Schmidt). 

cayennensis,    Seefasciata. 

convexa  and  connexa.    See  mexicana  convexa, 

cordata  Lmn6,  1758,  p.  575.     (Apis)    Probably  West  Indies. 

Latreille,  1802,  p.  436. 

Bremus  cordata  Jurine,  1807,  p.  262. 

Cnemidium  viride  Perty,  1833,  p.  149. 

Euglossa  analis  Westwood,  1840,  p.  262. 

E.  {Euglossa)  cordata  Friese,  18995,  p.  134.  "From  Mexico  to  Rio 
Janeiro." 

Ducke,  1901,  p.  31.  Pari,  Brazil;  9  at  Solanum  toxicarium,  and  Alia- 
manda  neriifolia;  cT  at  Gongora  mactdata. 

Schultz,  1902,  p.  163.    Biology. 

Ducke,  1902a,  p.  569.  Antilles,  cf  at  Sobralia  sessUis  in  Brazil.  Figures 
of  nest. 

Ducke,  19026  p.  401.  cf  at  Gongora,  Sobralia  sessiliSy  and  Anthurium 
regale, 

Schrottky,  1903,  p.  589.  Tampico,  Mexico.  Venezuela.  Bauru,  Sa6 
Paulo,  Brazil. 

Ducke,  1903,  p.  370.   Biology. 

E.  cordata  tovmsendi  Cockerell,  1904a,  p.  24.  cf ,  9 .  Vicinity  of  San  Rafael, 
Vera  Cruz,  Mexico;  (Townsend). 

Crawford,  1906,  p.  158.  Guapiles,  Costa  Rica;  1000  ft.;  V.  A  color 
variety  at  Pozo  Azul,  Costa  Rica;  VI;  (Carriker).    Nests. 

Schrottky,  1907,  pp.  50,  67.  Asunci6n,  Paraguay;  II,  XII.    Biology. 

Cockerell,  1910,  p.  418.    Jamaica;  (Swainson). 

Cockerell,  1912,  p.  61.  Porto  Velho,  Itacoatiara,  Abund,  and  Madeira- 
Mancore  R.  R.  Camp  41,  Brazil;  IX;  (Mann  and  Baker). 

Cockerell,  W.  P.,  1912,  p.  282.  Gualan,  Guatemala;  cf ;  at  Arthrostemma 
fragile. 

Cockerell,  1913a,  p.  192.  Quirigua,  Guatemala;  (W.  P.  Cockerell). 
"Variety  townsendi,  Ckll.,  is  not  separable." 

Friese,  1916,  p.  296.    San  Jos6,  Costa  Rica;  (Schniidt). 

Cockerell,  1917e,  p.  146.    Bahia,  Brazil.    Ecuador. 

See  variabilis. 

cyanura  Cockerell,  1917e,  p.   146.      9.     Porto  Bello,  Panama;    II; 
(Busck). 

dimidiata  Fabricius,  1793,  p.  316.     {Apis)   Dutch  Guiana. 

Centris  dimidicUa  Fabricius,  1804,  p.  354. 

Bremus  dimidiatus  Jurine,  1807,  p.  362. 

Latreille,  1809,  p.  180. 

Eulema  dimidicUa  Lepeletier,  1841,  p.  12. 

For  other  early  references,  see  Dalla  Torre,  1896,  p.  310. 
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E.  (Eulema)  dimidiata  Friese,  18996,  p.  164.  Mexico.  Panama. 
Ecuador.  Bolivia.  Venezuela.  French  Guiana.  Pard,  Pernambuco, 
and  Bahia,  Brazil. 

Ducke,  1901,  p.  32.  9  at  Oncoba  pauciflora;  cf  at  Catasetum  tridentatum 
and  macrocarpum. 

Ducke,  1902a,  p.  576.    At  Polygala  spectabilis. 

Schrottky,  1903,  p.  598.    Chiriqui,  Panama. 

Eidenm  dimidiata  Corkerell,  1912,  p.  61.  Matto  Grosso,  Brazil;  IX; 
(Mann  and  Baker). 

Friese,  1916,  p.  296.    San  Jos6,  Costa  Rica;  (Schmidt). 

dimidiata  quadrifasciata  Friese,  1903a,  p.  575.     cf,  ?.    San  Carlos, 

Costa  Rica. 
elegans  I^peletier,  1841,  p.  13.    (EulcBma)  9.    French  Guiana. 
Smith,  1874,  p.  442.    cT.    Santarem  and  Chontales,  Brazil. 
E.  (Eulema)  elegans  Friese,  18996,  p.  158.    Dutch  Gxhana. 
Friese,  1900o,  p.  122.   Flies  with  limbaia  in  VIII  at  Pard,  Brazil. 
Ducke,  1901,  p.  31.     9  at  Solanum  toxicarium^  Cassia  dUUa  and  hoffmann- 
se^gii. 

Ducke,  1902a,  p.  575.  Nicaragua.  Belem,  Anajas,  and  Macapd,  Par^, 
Brazil;  VI. 

fasciata  Lepeletier,  1841,  p.  12.     (Eulcema)   9,  cf.    French  Guiana. 

Eukema  cayennensis  Lepeletier,  1841,  p.  14.    c^.    French  Guiana. 

See  Smith,  1874,  p.  442. 

Eulema  fasciata  Fox,  1895,  p.  272.    Tepic,  Mexico. 

E.  (Eulema)  fasciata  Friese,  18996,  p.  163.  Mexico.  Honduras.  Colom- 
bia.   Venezuela.    Peru.    Pard  and  Pernambuco,  Brazil. 

Ducke,  1901,  p.  31.  9  at  Solanum  toxicarium,  Oncoba  paucifloroy  Bixa 
orellana;  cT,  Cassia  alatay  Catasetum  tridentcUum  and  macrocarpum;  and, 
cT,  9 ,  Polygala  spectabilis  and  Ischnosiphon. 

Eulema  fasciata  Crawford,  1906,  p.  158.  Pozo  Azul  (VI;  Carriker), 
Guapiles  (1000  ft.;  Ill),  and  San  Jos^,  Costa  Rica. 

Cockerell,  1913a,  p.  191.  Antigua  and  Quirigua,  Guatemala;  (W.  P. 
Cockerell). 

ignita  Smith,  1874,  p.  444.    d .    Jamaica. 

E.  (Euglossa)  ignita  Friese,  18996,  p.  137.    Chiriqui,  Panama.    Venezuela. 
Peru.    Brazil.    Suggests  that  it  may  be  a  variety  of  pUiventris. 
Ducke,  19026,  p.  402.    cT  at  Catasetum  and  Stanhopea  ebumea. 
Cockerell,  1910,  p.  418.    Ecuador;  (Rosenberg). 
E.  (Glossura)  ignita  Cockerell,  1917c,  p.  144. 

leucopyga  Friese,  1898,  p.  203.     (Eulema)    9.    Colombia.    May  be 
terminata  Smith,  according  to  Friese,  18996,  p.  159. 

E.  (Eulema)  leucopyga  Friese,  1903a,  p.  574.    cf .    Costa  Rica;  (Schild). 
xnezicana  Mocsary,  1897,  p.  444.  (E.  Eulema)  9  ,  cf .   Prsesidio,  Mexico. 
Friese,  18996,  p.  151.    Minas  Geraes,  Brazil.    Suggests  that  it  may  be  a 
vario  y  of  smaragdina  Perty. 
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xnezicana  concava  Friese,  18995,  p.  151.    cf .    Nicaragua. 

Ducke,  1902a,  p.  574.    Pard,  Brazil;    9  at  Cassia  alata. 

xnezicana  conveza  Friese,  18996,  p.  151.    ?  .   Brazil. 

Eulema  m.  convexa  [misspelled  **connexa'']  Crawford,  1906,  p.  158.  Gua- 
piles,  Costa  Rica;  1000  ft.;  III. 

mixta.    See  variabilis  mixta, 

mussitans  Fabricius,  1787,  p.  301.    (Apis) 

Ceniris  suHnamensis  Fabricius,  1804,  p.  355. 

Bremus  surinamensis  Jurine,  1807,  p.  262. 

Euglossa  surinamensis  Klug,  1807,  p.  226. 

Eulema  surinamensis  Lepeletier,  1841,  p.  13. 

Euglossa  surinamensis  Friese,  18996,  p.  160.    Mexico  to  Brazil. 

E.  (Eulema)  surinamensis  Schrottky,  1902,  p.  327.    Northern  Brazil. 

Euglossa  surinamensis,  Schrottky,  1903,  p.  597.  Rio  de  Janeiro  and  Pard, 
Brazil.  British  Guiana.  French  Guiana.  Venezuela.  Colobcbia. 
Honduras. 

Eulema  surinamensis  Cockerell,  1904a,  p.  23.  Vicinity  of  San  Rafael, 
Vera  Cruz,  Mexico;  III;  (Townsend). 

Cockerell,  1907c,  p.  49.  **  This  has  been  referred  by  all  recent  writers  to  E. 
surinamensis,  based  on  Apis  surinamensis,  L.,  Syst.  Nat.,  p.  579,  No.  36. 
It  is  not,  however,  A.  surinamensis,  L.,  Syst.  Nat.,  p.  575,  No.  6,  .  .  .  This 
latter  is  a  wasp,  doubtfully  identical  with  Zethus  mexicanus  (L.,  1767). 
Friese  has  described  a  variety  from  Venezuela,  which  will  stand  as  Eulema 
mussitans  nigrifacies  (Friese)."    See  nigrifacies. 

EultFma  mussitans  CockereU,  1912,  p.  106.  Guatemala  City,  Guatemala; 
XII;  (Wheeler). 

Eulc^ma  mussHans  Cockerell,  1913a,  p.  191.  Quirigua,  Guatemala;  at  a 
"big  pea";  (W.  P.  CockereU). 

nigrifacies  Friese,  1900a,  p.  121.    Includes  the  following. 

Euglossa  surinamensis  Meunier,  1890,  p.  63,     9 .  Quito,  Ecuador. 

Eulema  surinamensis  nigrifacies  Friese,  1898,  p.  205,  and  18996,  p.  160. 
cT.    St.  Parime,  Venezuela. 

E.  (Eulema)  panamensis  Mocsdr\',  in  Friese,  18996,  p.  169.  9 .  Chiriqui, 
Panama. 

nigrita  Lepeletier,  1841,  p.  14.    (Euktma)  9  .    French  Guiana. 

Eulcema  analis  Lepeletier,  1841,  p.  14.    cf .    Brazil. 

Smith,  1874,  p.  446. 

E.  (Eulema)  nigrita  Friese,  18996,  p.  157.  Piauhy  and  Minas  Geraes, 
Brazil.    Tarapoto,  Peru.    Panama. 

Ducke,  1901,  p.  50.  Pard,  Brazil;  9,  cf;  at  Cenirosema  plumieri  and 
hrasilianum. 

Ducke,  1902a,  p.  576.  Rio  de  Jai  ciro  and  Sa6  Paulo,  Brazil.  See  also 
1903,  p.  371,  and  other  papers. 

Schrottky,  1903,  p.  596.    Flower  and  Brazilian  records. 

Centris  nigrita  Schrottky,  1907,  p.  60.    Paraguay.     Biology. 
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Eulcema  nigrita  Cockerell,  1919,  p.  211.  "Bogova,  Chirique'*  (Panama?: ; 
(Rosenberg). 

panamensis.    See  nigrifacies. 

piliyentrU  Gu6rin,  1845,  p.  458.    9 ,  cf .    Par&,  Brazil. 

Fox,  1891,  p.  348.    Bog  Walk,  Parish  of  St.  Catherines,  Jamaica. 

E,  {Euglossa)  piliventris  Friese,  18996,  p.  136.  Bogota,  Colombia.  Dints 
Guiana.   French  Guiana.   Peru. 

Ducke,  1901,  p.  31.  9  at  Solanum  toxicarium^  Oncoba  panciflora;  9,  d'y 
Polygala  spedabilia  and  Ischnosipon  sp.;  and  cT  at  Cataaetum  iridenUUum  and 
macrocarpum, 

E.  (Gloseura)  piliventris  Cockerell,  1917e,  p.  144.  Bartica,  BBmra 
Guiana;  V.    Maroni,  French  Guiana. 

See  ignita. 

purpurea.    See  variabilis  purpurea, 

quadrifasciata.    See  dimidiata  quadrifasciata, 

rugosa  Friese,  18995,  p.  152.    {E,  Eulema)  9 .    Cordoba,  Mexico. 

semirufa.    See  speciosa. 

smaragdina  Perty,  1833,  p.  150.    (Centrts)  cT.   Prov.  Minarum,  Brazil. 

E.  amaragdina  Smith,  1854,  p.  382. 

See  Smith,  1874,  p.  445. 

Cockerell,  18996,  p.  17.    Gives  Bay  of  Campeche  as  type  locality. 

E.  Eulema  smaragdina  Friese,  18996,  p.  148.  Suggests  that  awripes 
Gribodo,  mexicana  Mocsdry,  and  angvkda  Mocsdry  are  merely  varieties. 

Friese,  1900a,  p.  122.    Mexico.    Pard  and  Pernambuco,  Brazil. 

Ducke,  1901,  p.  32.  At  Ipomaa,  AUamanda  neriifoliay  Bixa  oreEUma^ 
Cassia  alaUiy  Centrosema  plumieri  and  brasUianum. 

Ducke,  1902a,  p.  573.  Mexico  to  Minas  Geraes,  on  the  supposition  that 
mexicana  is  a  synonym.    Figures  of  nast  and  larva. 

Ducke,  1903,  p.  370.    Biology. 

See  mexicana. 

speciosa  Mocs&ry,  1897,  p.  445.    (E.  Eulema)    9 .    Chiriqui,  Panama 

{^^ America  centralis^^). 

Eulema  semirufa  Friese,  1898,  p.  204.    cf ;  Chiriqui,  Panama. 

surinamensis.    See  mussitans  and  nigrifacies. 
terminata.    See  leucopyga. 
townsendi.    See  cordata. 

yariabUis  Friese,  18996,  p.   135.     cf ,  (?)    9.     Central  and  South 
America. 

Schrottky,  1903,  p.  590.    Bahia,  Brazil. 

Cockerell,  1917e,  p.  145,  discusses  synonomy,  including  Ducke's  suggestion 
to  sink  variabilis  in  favor  of  cordata. 

variabilis  mirta  Friese,  18996,  p.  135.    cf ,  9  .   Bolivia.   Bahia,  Brazil. 
Chiriqui,  Panama. 
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Cockerell,  1917e,  p.  145.    TaberniUa,  VII,  and  Cabima,  V,  (Busck)  and 
Las  Cascada  (Jennings),  near  the  Canal,  Panama. 
▼ariabilis  purpurea  Friese,  18995,   p.     135.     cT.    Chiriqui,  Panama. 

Cockerell,  1917e,  p.  145.    Sixola  River  (Schaus)  and  Pozo  Azul  (Carriker), 
Costa  Rica;  VI. 

viride.    See  cordata. 

yiridiflsima  Friese,   18995,  p.   136.      9,    cf.     Cordoba  and  Orizaba, 
Mexico;  at  Stanhopea  tigrina. 

Friese,  1916,  p.  296.   San  Jos^,  Costa  Rica;  (Schmidt). 


See  Euglossa. 
See  Euglossa, 
See  Euglossa. 


Evlcema 

Eumorpha 

Glossura 


Amthophobida 

Three  subfamilies,  which  may  for  the  present  be  called  Centrin®, 
Anthoporinffi,  and  Eucerinee,  are  recognized.  See  Cockerell,  T.  D.  A. 
andW.  P.,  1901,p.46. 

CiNTBINA 

ArUhophonda  Cockerell 
See  ExomaUypsis, 

CKNTBI8  Fabricius,  1804,  p.  354. 

One  view  is  that  Schrottky  (1905,  p.  13;  1909a,  p.  160;  and  1914, 
p.  220)  is  right  in  saying  that,  according  to  strict  rules,  *^Centris^^  should 
not  be  appUed  to  these  anthophorid  bees.^  (See  Euglossa,)  Schrottky 
insists  on  using  ^^Hemisia^^  for  the  present  genus  but  ^* Trachina**  does 
not  seem  to  have  been  ruled  out.  Friese,  1900,  used  the  name  Centris 
and  divided  the  genus  into  a  number  of  subgenera,  but  left  no  typical 
subgenus.  Here,  as  in  certain  other  genera  of  bees,  would  seem  to  be  a 
fitting  place  for  name  "conservation." 

The  following  genera  or  subgenera  have  been  proposed. 

Trachina  Klug,  1807,  pp.  210-213,  266.    (Type:   longimana  Fab.) 

iThifl  is  not  clear  to  me.  Schrottky  says  that  no  Anthophorid  Centris  has  "clypeusgibboso;  tibiis 
postids  incrassatis,  compressis,  ciliatis  ;  but  these  words  apply  excellently  to  such  a  species  as  Centris 
amerieana  Klug.  As  Fabricius  mixed  several  genera  in  his  Centris,  later  authors  were  .at  Uberty  to 
select  a  non-euglossid  type,  such  as  C.  versicolor  Fabricius. — ^T.  D.  A.  C. 
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Hemida  Klug,  1807,  pp.  213,  215,  227.  (Type:  h(Brnorrhoi<ialis 
Fab.    See  Cockerell,  1906,  p.  105.) 

Ptiloiopus  Klug,  1810,  p.  31. 

Heterocentris  Cockerell,  1899,  p.  14.  (Type:  cornuia  Cress.) 
N.  n.  for  Gundlachia  Cresson,  1865,  p.  194. 

Melanocentris  Friese,  1900,  p.  241,  244. 

Rhodocentris  Friese,  1900,  pp.  242,  244.  (See  Cockerell,  1904</, 
p.  357.) 

Cyanoceniris  Friese,  1900,  pp.  243,  244. 

Pcpcilocentris  Friese,  1900,  p.  244. 

Fox,  1899,  pp.  63-71,  describes  a  number  of  new  species  and  gives 
notes  on  already  described  ones.  Friese,  1900,  pp.  237-350,  brings 
together  the  original  descriptions  of  all  of  the  species  and  gives  keys,  et^. 

See  also  Epicharis. 
abdominalis.    See  agilis  abdominalis. 
»thiop8  Cresson,  1865,  p.  193.     9  .    Cuba. 

Centria  (Melanocentris)  cethiops  Friese,  1900,  pp.  242,  268. 
Centris  (PtUotopus)  cpthiops  Cockerell,  1906,  pp.  73,  97. 
See  armiUata. 

agilig  Smith,  1874,  p.  361.    d'.    Vera  Cruz,  Mexico. 

Centris  (Rhodocentris)  agilis  Friese,  1900,  pp.  243,  307.    C.  ignita  may  be 
the  9  .    Orizaba,  Mexico.    Piauhy,  Venezuela  (Braxil  ?). 
Centris  (Trachina)  agilis  Cockerell,  1906,  p.  97. 

aglliB  abdominalis  Friese,  1899,  p.  45.    9  .  Piauhy,  Venezuela  (Brazil  ?). 

Vera  Cruz,  Mexico. 
albiceps.    See  mexicana  albiceps. 
apicalis.    See  smiihii  and  versicolor  apicalis, 
annillata  Cresson,  1869,  p.  298.    cf .    Cuba. 

Centris  (Melanocentris)  armiUaia  Friese,  1900,  pp.  242,  268.    Probably  the 
cf  of  cethiops. 
•  Centris  (PtUotopus)  armillata  Cockerell,  1900,  p.  97. 

aterrima  Smith,  1854,  p.  378.    c? .    Mexico. 

Centris  (Melanocentris)  aterrima  Friese,  1900,  pp.  241,  267.    c?*,  9 . 
Centris  (Ptilotopus)  aterrima  Cockerell,  1906,  p.  97. 

atra.    See  xylocopoides. 

atripes  Mocs^ry,  1899,  p.  254.    cf .    Prsesidio,  Mexico. 

Centris  airiventris  Fox,  1899,  p.  68  (not  of  Mocsdry).     9,0^;  Texas  and 
(?)  Lower  California,  Mexico. 
Centris  (Melanocentris)  atripes  Friese,  1900,  pp.  242,  296.    Near  hirkmanni. 
Centris  foxi  Friese,  1900,  pp.  350.    N.  n.  for  atriventris  Fox. 
Centris  atripes  Cockerell,  1904,  p.  235.    Beeville,  Texas;   VIII;    (Town- 
send). 
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Centris  (Ptilotopus)  atripes  &ndfoxi  Cockerel!,  1906,  pp.  97,  314.  Douglas, 
Arizona.    "Lower  Sonoran." 

Centris  atripes  Cockerel!,  1906o,  p.  72.  San  Bernardino  Rancli,  Arizona; 
VIII;   (Snow). 

atriventris.    See  atripes. 

atriyentrU  rubripes  Friese,  1899,  p.  43.  cT ;  Venezuela.  9  ;  Panama 
and  Brazil. 

Centris  (Melanoceniris)  atriventris  rubripes  Friese,  1900,  pp.  242,  287. 
Centris  (Ptilotopus)  atriventris  rubripes  Cockerel!,  1906,  p.  97. 
See  atripes. 

bakerella  Friese,  1912a,  p.  89.  N.  n.  for  Centris  {Hemisia)  bakeri 
Friese,  1912,  p.  199.  cT;  Morelos  and  Guadalajara,  Mexico; 
(Baker). 

bakeri.    See  bakerella. 

bicolor  Lepeletier,  1841,  p  163.     9  .    "Capt.  de  Goyan,''  Brazil. 

Friese,  1900,  p.  288.  9,0".  Minos  Geraes,  Espirito  Santo,  Rio  Grande 
do  Sul,  Jundiahy  and  Ypanema,  Brazil.    French  Guiana. 

Friese,  1916,  p.  296.    San  Jos^,  Costa  Rica;  (Schmidt). 

See  Epicharis. 
bicolorella.   See  smUhii. 

bimaculata  Lepeletier,  1841,  p.  168.    9  .    Sa5  Paulo,  Brazil. 

(?)  C.  fuscata  Lepeletier,  1841,  p.  167.  cf .  Sa6  Paulo,  Brazil.  If  this  is 
really  the  same,  it  has  page-priority. 

Burmeister,  1876,  p.  163.  Congonhas  and  Lagoa  Santa  (Minas  Gerafis), 
Brazil. 

C.  (Rhodocentris)  bimaculata  Friese,  1900,  pp.  243,  306.  Central  and 
South  America,  "tiberall." 

Schrottky,  1902,  p.  323.    Nueva  Pahnira,  Uruguay. 

Cockerel!,  1919,  p.  188.   El  Rancho,  Guatemala;  I;  (Deam). 

birkmanni  Friese,  1899,  p.  44.  0^,9.  Fedor,  Texas;  IV-VI;  (Birk- 
man).    See  Birkman,  1899,  p.  245. 

Centris  (Melanoceniris)  birkanni  Friese,  1900,  pp.  242,  296. 
Centris  (Ptilotopus)  birkmanni  Cockerel!,  1906,  p.  97. 
See  atripes. 

breviceps  Friese,  1899,  p.  44.    cf ,  9  .  Minas  Geraes,  Amazon,  Brazil. 

Centris  (Rhodocentris)  breviceps  Friese,  1900,  pp.  243,  301.  Uruguay. 
Colombia.  Peru.  Bolivia.  Chiriqui,  Panama.  May  be  vittata  Lepeletier, 
1841,  p.  168. 

Cockerel!,  1919,  p.  190.  Rio  Mato,  Caura  district,  Venezuela;  X; 
(Carriker) . 

CAsalpinisB  Cockerel!,  1897,  p.  394.  9,  c?  Mesilla  Valley,  New 
Mexico;  V;  at  Hoffmanseggia  [Ccesalpinia]  falcaria. 
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Cockerell,  1898/,  p.  314.    Las  Cruces,  New  Mexicx>;  at  CevaUia  sinvaia. 
Ceniris  (MelanocerUris)  ccBsalpinics  Frjese,  1900,  pp.  242,  294,  341. 
Ceniris  {PHlotopua)  ccBsalpinia  Cockerell,  1906,  p.  97. 
See  rhodopus. 

chilensis.    See  smithii, 
citrotoeniata.    See  flavifrons. 

clypeata  Friese,  1899,  p.  41.  9,  cf.  Orizaba,  Mexico.  Guatemala, 
II. 

Ceniris  (Mdanocentris)  clypeata  Friese,  1900,  pp.  241,  268.    Qrixaba  and 
Cornuvacca  (Cueraavacca  ?),  Mexico;  II. 
Centris  (PiUotopus)  clypeata  Cockerell,  1906,  p.  97. 

Ceniris  clypeata  Cockerell,  1913a,  p.  192.  Antigua,  Guatemaui;  (W,  P. 
Cockerell). 

cockerelli  Fox,  1899,  p.  68.  N.  n.  for  9  (not  cf )  Centris  hoffmannseggia 
Cockerell,  1897,  pp.  395,  397.  College  Farm,  Mesilla  Valley,  New 
Mexico;  V;  s.t  Hoffmanseggia, 

Centris  cockereUi  Cockerell,  1900,  p.  363.  Suggests  that  it  is  probaUy 
lanosa  9 . 

Centris  cockereUi  Cockerell,  1904e  (1905),  p.  160.  Palm  Spring,  Caufornia: 
(Davidson). 
Cockerell,  1919,  p.  187.    San  Jo86  de  Guaymas,  Mexico;  IV;  (Howard). 

conflniB  P^rez,  1905,  p.  40.    9.    Mexico  (?). 
comuta.    See  difformis, 

costaricensis  Crawford,  1907,  p.  21.    N.  n.  for  C.friesei  Crawford,  1906, 
p.  158.     9  .    Guacimo,  Costa  Rica;  nests  between  the  boards  of  a 
porch-roof. 
crasslpes  Smith,  1874,  p.  372.    cT.    Jamaica. 
See  Fox,  1891,  p.  348. 

Centris  (Cyanocentris)  crassipes  Friese,  1900,  pp.  244,  322. 
Centris  (Hemisia)  crassipes  Cockerell,  1906,  p.  98. 

davidsoni.    See  hoffmanseggice  davidsoni. 
decolorataLepeletier,  1841,  p.  160.    cf.  Habitat  unknown. 

Centris  decolorata  Smith,  1874,  p.  364.  Brazil.  Mexico.  Santo 
Domingo.* 

Centris  (Cyanocentris)  decolorata  Friese,  1900,  pp.  243,  325.  Adds  Paha- 
GUAY  and  describes  a  9 ,  proposing  to  call  it  obscuriventris  [q.  v.]  in  case  he  has 
mistaken  decolorata. 

Centris  (Hemutia)  decolorata  Cockerell,  1906,  p.  98. 
8ee  versicolor. 

dentipes.    See  / anipes . 

difformis  Smith,  1854,  p.  374.     9  .    Rio  Tapajos,  Brazil. 

Centris  ?  comuia  Cres.son,  1865.  p.  194.  9  .  Cuba.  Suggests  new  genus. 
(hmdlachia. 
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Cresson,  1879,  p.  229.    Mexico. 

Ceniris  (Rhodoceniris)  difformis  Friese,  1900,  pp.  243,  300.  French 
Guiana. 

Ceniris  difformis  Crawford,  1906,  p.  158.  Pozo  Azul,  Costa  Rica; 
(Carriker). 

Ceniris  (Heterocentris)  difformis  Cockerell,  1906,  p.  97. 

domingensis  Dalla  Torre,  1896,  p.  304.    N.  n.  for  C.  thoracica  Smith  (not 
Lepeletier),  1874,  p.  370.    9  .   Santo  Domingo. 

Ceniris  (Melanocentris)  domingensis  Friese,  1900,  pp.  242,  288. 
Ceniris  (Ptilotojms)  domingensis  Cockerell,  1906,  p.  97. 

eiseni  Fox,  1893,  p.  22.    9  .   Guaymas,  Mexico;  V;  (Eisen). 
Ceniris  (PcecOoceniris)  eiseni  Friese,  1900,  pp.  244,  333. 

elegans  Smith,  1874,  p.  372.    9  .   St.  Vincent. 

Ashmead,  1900,  p.  300.    Grenada,  W.  I.     Probably  var.  grenadensis. 

Ceniris  (Cyanocenlris)  degans  Friese,  1900,  pp.  244,  332.  On  p.  350  he 
proposes  n.  n.  gracilis  because  he  included  Epicharis  in  Centris,  thereby  in- 
troducirg  E.  elegans  Smith,  1861. 

Centris  (Hemisia)  elegans  Cockerell,  1906,  p.  98. 

Cockerell  1919,  p.  186.  d^;  windward  side  of  St.  Vincent,  W.  I.;  (H.  H. 
Smith). 

elegans  grenadensis  Cockerell,  1919,  p.  186.     cf .    Grenada;    (H.  H. 

Smith). 
errans.    See  versicolor, 
fasdalis.   See  nitida  fascialis. 
tasciata  Smith,  1854,  p.  377.    9  ,  cf .   Jamaica. 
Fox,  1891,  p.  348.    Kingston,  Jamaica. 

Centris  (Pcecilocentris)  fasdaUUa  Friese,  1900,  pp.  244,  332.  N.  n.  given 
because  he  joined  Epicharis  with  Centris^  thereby  introducing  fasdata 
Lepeletier,  1825.    Mexico. 

Centris  (Paciloceniris)  fasdata  Schrottky,  1902,  p.  325.     Lagoa  Santa, 
Minas  GeraSs,  Brazil. 
Hemisia  fasdata  Schrottky,  1906,  p.  13. 
See  versicolor, 

fasciateUa.    See  fasdata . 

flaviftons  Fabrieius,  1775,  p.  383.    {Apis)     9  .    Brazil  . 

Anthopkora  flavifrons  Fabrieius,  1804,  p.  375. 

Lepeletier,  1841,  p.  152. 

Smith,  1854,  p.  369.     d". 

Centris  dtrotcenUUa  Gribodo,  1893,  p.  268.     9  ;  Chiriqui,  Panama. 

Fox,  1895,  p.  272.    Tepic,  Mexico. 

CentrU  {Cyanocentris)  flavifrons  Friese,  1900,  pp.  243,  317.  States  (p.  319) 
that  he  has  specimen s  from  Chiriqui,  labeled  cilroUEniala  by  Gribodo,  which 
aje  flavifrons,  but  he  did  not  sink  Gribodo's  name. 
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Centris  (Hemisia)  cUrotceniala  Cockerell,  1906,  p.  98. 
Ceniris  (Hemisia)  ftavifrons  Cockerell,  1906,  p.  98.    Mexico. 
C.  citrotcmita  Cockerell,  1919,  p.  192.    Rio  Mato,  Caura  district,  Vesi- 
zuELA.   British  Guiana;  IV. 

flavitrons  flayofasciata  Friese,  1899,  p.  46.    cf .    Mexico. 

flavUrons  rufescens  Friese,  1899,  p.  46.    cf .    Chiriqui,  Panama. 

flavofdsciata.    See  flavifrons  flavofa^ciata . 

foxi.    See  atripes. 

friesei.    See  costaricensis, 

fuscata.    See  himaculata. 

fvlviventris.   See  lanipes, 

fuBciventris  Bcutellata  Friese,   1900,  p.  273.     {Centris  Melanocenim) 

cf,  9.    Chiriqui,  Panama. 
gracilis.    See  elegans, 
grenadensis.   See  elegans  grenadensis. 
gualenensis.    See  inermis  gualanensis, 
htomorrhoidalis  Fabricius,  1775,  p.  386.    {Apis)     9  .    America. 

Centris  tahaniformis  Fabricius,  1804,  p.  358.    cf ;  South  America. 

Fabricius,  1804,  p.  359.     9  .    American  islands. 

MegiUa  h€Bnwrrhoidalis  Illiger,  1806,  p.  142. 

Hemisia  tahaniformis  Klug,  1807,  p.  227. 

Hemisia  hoemorrhoidalis  Klug,  1807,  p.  227. 

Anthophora  haemorrhoidaUs  Lamark,  1817,  p.  61. 

Fox,  1891,  p.  348.    Kingston  and  Port  Antonio,  Jamaica. 

Ashmead,  1900,  pp.  209,  300.  Grenada.  Cuba.  Porto  Rico.  Central 
America.  South  America.  Some  of  these  are  probably  mistakes  in 
identification. 

Centris  (Cyanocentris)  hcemorrhoidalis  Friese,  1900,  pp.  243,  328.  St. 
Thomas.    Guatemala. 

Centris  (Hemisia)  hcemorrhoidalis  Cockerell,  1906,  pp.  73,  98.  JAMAia 
Cockerell,  1912a,  p.  140,  made  the  specimens  from  Santo  DomingP  kpf- 
letieri. 

Cockerell,  1919,  p.  186.    St.  Andrew,  Jamaica;  IV;  (Taylor). 

See  versicolor. 

hoffmanseggis  Cockerell,  1897,  pp.  395,  397.  d"  (not  9 ).  Collie  Farm 
Mesilla  Valley,  New  Mexico;  V;  at  Hoffnianseggia  falcaria.  See 
cocker  elli. 

Cockerell,  1897a,  p.  29.    Juarez,  Mexico. 

Ceniris  lanosa  Cockerell,  1897,  p.  397,  9  only,  and  not  of  Cresson. 

Fox,  1899,  p.  68.    Gives  the  above  synonomy. 

Cockerell,  19006,  p.  243.    At  Prosopis  glandulosa;  V.  See  1900,  p.  363. 

Centris  (Melanocentris)  hoffmanseggicB  Friese,  1900,  pp.  242,  295, 341. 

Fowler,  1902,  p.  317.    Redlands,  California;    VI;  (Woodworth). 

Ceniris  {Ptiloiopus)  hoffmanseggia  Cockerell,  1906,  p.  97. 
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Cockerell,  1919,  p.  187.    Claremont,  Caufornia;  (Baker). 
See  cockereUi. 

hoffman8eggi»  davidsoni  Cockerell,  1904e  (1905),  p.  160.     cf .  Banning, 

California;  (Davidson). 
ignita  Smith,  1874,  p.  362.    Orizaba,  Mexico. 

Centris  (Rhodocentris)  ignita  Frieae,  1900,  p.  243, 307. 
Centris  (Trachina)  ignita  Cockerell,  1906,  p.  97. 
See  agilis.  ^ 

inermifl  Friese,  1899,  p.  46.    .9  ,  cf .    Orizaba,  Mexico.   Brazil. 

Centris  (Rhodocentris)  inermis  Friese,  1900,  pp.  243,  314.    Panama.    Peru. 
Bogota,  Colombia. 
Centris  (Trachina)  inermis  Cockerell,  1906,  p.  97. 
See  versicolor. 

inermis  gualanensis,  Cockerell,  1912a,  p.  568.     ?,  cf.    Gualan*  and 

Quirigua,  Guatemala;  II;  (W.  P.  Cockerell). 
inBularis  Smith,  1874,  p.  367.    9  .   Santo  Domingo. 

Centris  (Cyanocentris)  insxdaris  Frieae,  1900,  pp.  243,  326.    Sa6  Paulo, 
Brazil;  III  and  X;  suggests  that  it  is  merely  a  variety  of  versicolor, 
Centris  (Hemisia)  insularis  Cockerell,  1906,  p.  98. 

Centris  versicolor  insularis  Friese,  1916,  p.  296.    San  Jos^,  Costa  Rica; 
(Schmidt). 
See  versicolor. 

labiata  Friese,  1904,  p.  91.    cf .    San  Carlos,  Costa  Rica;  (Burgdorf). 
labrosa  Friese,  1899,  p.  44.    9 ,  cT.    Central  and  South  America. 

Centris  (Rhodocentris)  labrosa  Friese,  1900,  pp..  243,  302.  Honduras. 
Guatemala.  Colombia.  Venezuela.  Mexico.  Dutch  Guiana. 
French  Guiana.    Brazil.   At  PetraeavolybUis. 

Centris  (Rhodocentris)  labrosa  Schrottky,  1902,  p.  323.  Matto  Grosso, 
Brazil. 

Centris  (Heterocentris)  labrosa  Cockerell,  1906,  p.  97. 

Centris  labrosa  Crawford,  1906,  p.  159.    Poao  Azul,  Costa  Rica;  VI. 

See  lanipes  and  minida. 

labrosa  simplex  Friese,  1899,  p.  44.     9  .    Central  and  South  America. 

Centris  labrosa  simplex  Crawford,  1906,  p.  159.    Guacimo,  Costa  Rica; 
450  ft.;  VI. 
See  minuta. 

lanipes  Fabricius,  1775,  p.  386.    (Apis)    America. 
Podalirius  lanipes  LatreiUe,  1802,  p.  431. 
Fabricius,  1804,  p.  360.    American  islands. 
Megilla  lanipes  lUiger,  1806,  p.  141.     9 . 
Lasius  lanipes  Jurine,  1807,  p.  237.     9 ,  cf. 
Hemisia  lanipes  Klug,  1807,  p.  227. 
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Lepeletier,  1841,  p.  165.  Brazil.  May  be  labrosa  Friese,  aceordicg  to 
Friese,  1900,  p.  310;  but  Lepeletier's  picea,  p.  166,  may  be  lanipes,  and 
trigonoidesy  p.  167,  not  more  than  a  variety  of  lanipes. 

Centris  fulviverUris  Cresson,  1865,  p.  193.  9 .  Cuba.  C.  fulvweniris 
Mocsdry,  1896,  p.  7,  was  ramed  rufohirta  by  Friese,  1900,  p.  299. 

Centris  dentipes  Smith,  1874,  p.  366.  cf.  Ega,  Santarem,  Tapajos,  and 
ParA,  Brazil.    West  Indies.    Mexico. 

Centris  vulpeada  Burmeister,  1876,  p.  164.  Argentina.  His  lanipe^  p. 
163,  (not  Fabricius)  prohahly  =  tricolor  Friese,  1899,  p.  45. 

Gribodo,  1891,  p.  113.  Patagonia.  Montevideo.  Brazil.  Argentixa. 
Venezeula.    Mexico.    Guadelupe.    St.  Thomas. 

Ashmead,  1900,  p.  300.    Porto  Rico. 

Centris  {Rhodocentris)  lanipes  Friese,  1900,  pp.  243,  310,  313.  Sugge^ 
that  tarsata  Smith  may  be  a  variety  and  th&t  fulviventris  is  a  synonym. 

Schrottky,  1902,  p.  324.    Lagoa  Santa,  Minas  Gerads,  Brazil. 

Schrottky,  1903,  p.  578.    At  Stachytarpha  dichotoma  in  Braztl. 

Centris  (Trachina)  lanipes  Cockerell,  1906,  pp.  73, 97. 

Crawford,  1906,  p.  159.    San  Jos6,  Costa  Rica;  3550  ft.;  VI. 

Friese,  1906,  p.  95.  Mendosa,  Argentina;  XII;  (Jensen-Haarup;. 
Also,  p.  100,  C.  tricolor. 

Centris  vulpecida  Cockerell,  1919,  p.  190.  Mer.dosa,  Argentina;  (Reed). 
"I  have  this  from  Villa  Encarracion,  Paraguay,  sent  by  Schrottky  as  C. 
lanipes  variety  tarsata  (Smith).  This  agrees  with  Friese's  interpretation, 
but  I  do  not  think  it  is  the  true  tarsata.  Whether  it  should  be  considered  a 
variety  of  C.  lanipes  I  do  not  know;  it  is  certainly  closely  allied." 

See  tarsaia. 

lanosa  Cresson,  1872,  p.  284.    cf.    Bosque  County;  Texas,  (Belfra^^e). 

Fox,  1893,  p.  22.  Mexico:  San  Jos6  del  Cabo,  (Eisen),  Calmalli  Mines, 
IV,  and  Calamujuet,  V,  (Haines),  all  in  Lower  California;  and  Hemrosfllo. 
Sonora,  IV,  (Eisen).    **  Very  likely  identical  with  C.  mexicana  Sm." 

Cockerell,  1897,  p.  397.  d"  (not  9 ).  College  Farm,  Mesilla  Valley,  Xew 
Mexico;  V;  At  Hoffmanseggia.    See  hoffmanseggice. 

Cockerell,  19006,  p.  243.  At  Prosopis  glandulosoy  V,  and,  1901c,  p.  42, 
Parosela  formosa. 

Centris  (Melanocentris)  latwsa  Mese,  1900,  pp.  242,  293,  342. 

Centris  (Ptilotopus)  lanosa  Cockerell,  1906,  p.  97. 

See  cockerelli,  hoffmanseggiip,  and  subhyalina. 

lepeletieri  Cockerell,  1912a,  p.  140.    N.  n.  for  hcemorrhoidalis  Lepeletier, 
1841,  p.  155.    Santo  Domingo. 
See  hwmorrhoidalis. 

limbata  Friese,  1899,  p.  44.     9  .    Fedor,  Texas;  IV;   (Birkman). 
Centris  (Melanocentris)  limhata  Friese,  1900,  pp.  242,  297. 
Centris  {Ptilotopus)  limbata  Cockerell,  1906,  p.  97. 

lunulata.    See  Epicharis, 

lutea  Friese,  1899,  p.  43.    cf ,  9  .    Vp:nezuela.    Brazil.    Mexico. 
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Cenlris  (Melanocentris)  iutea  Friese,  1900,  pp.  242,  289. 
Centris  {Ptilotopus)  Iutea  Cockerell,  1906,  p.  97. 

tndculaia  (Smith)  Friese,  not  Lepeletier.    See  Epicharis  {Epichar aides), 
maculifrons  Smith,  1854,  p.  372.     9  .    Brazil. 

Centris  (Cyanoceniris)  maculifrons  Friese,  1900,  pp.  244,  330. 
Centris  (Hemisia)  maculifrons  Cockerell,  1906,  p.  98.    Mexico. 

marginata.    See  morsei  marginata. 

malanchlmna  Smith,  1874,  p.  360.    cf .   Vera  Cruz,  Mexico. 

Centris  (Melanocentris)  melanochkena  Friese,  1900,  pp.  242,  270.    Vene- 
zuela.   Bolivia.    Gives  nobUis  Friese,  i.  I.,  as  synonym. 

Cenlris  (Ptilotopus)  melanochkena  Cockerell,  1906,  p.  97. 

metaiarsalis.    See  Epicharis, 

mezicana  Smith,  1854,  p.  378.    9  .    Mexico. 

•    Centris  (Melanocentris)  mexicana  Friese,   1900,  pp.  242,  289.      9,    cf- 
Orizaba,  Mexico. 

Centris  (PtUoiojms)  mexicana  Cockerell,  1906,  pp.  73,  97.    Cuemavaca, 
Mexico. 
See  lanosa. 

mexicana  albiceps  Friese,  1899,  p.  43.    cf .    Mexico. 

minuta  Moes&ry,  1899,  p.  254.    cf .    Mexico.    Sa5  Paulo,  Brazil. 

CerUris  (Melanocentris)  minuta  Friese,  1900,  pp.  242, 293, 303.   Venezuela. 
Yucatan,  Mexico.    At  Petraea  volubUis  and  Ipomcea.   Says  that,  according  to 
Ducke,  it  is  the  cf  of  labrosa. 
Friese,  1908,  p.  40.    Trinidad. 

mocsaryi  Friese,  1899,  p.  42.    9  ,  cf .    Minas  Geraes,  Sa5  Paulo  and  Par&, 
Brazil.   Venezuela.    Peru.  Mexico. 

Centris  (Melanocentris)  mocs&ryi  Friese,  1900,  pp.  242,  274. 
Centris  (Ptilotopus)  mocsdryi  Cockerell,  1906,  p.  97. 

monozona.    See  Epicharis, 

montesuma  Cresson,  1879,  p.  213.     9  ,  cf .    Mexico;    (SumichravSt). 

Centris  (Rhodoceiitris)  montezuma  Friese,  1900,  pp.  243,  308. 

Centris  (Trachina)  morUezuma  Cockerell,  1906,  pp.  73,  97. 

monei  Cockerell,  1897a,  p.  355.     cf.     Mesilla,  New  Mexico;    VI; 
(A.  P.  Morse).    Cockerell,  1897c,  p.  29;  no  description. 

Centris  (Paecilocentris)  morsei  Friese,  1900,  pp.  244,  335.    Texah. 

Centris  (Ptilotopus)  morsei  Cockerell,  1906,  p.  97. 

Hemisia  morsei  Bequaert,  1918,  p.  126.    Sierra  Blanco,  Texas;  at  Centaurea, 

monei  marginata  Fox,  1899,  p.  67.    (C.  marginata)  cf.    Las  Cruces, 
New  Mexico;  VIII;  at  Cevallia  sinuata. 

Centris  (Ptilotopus)  marginata  Cockerell,  1906,  p.  97. 
Cockerell,  1906a,  p.  72.    San  Bernadino  Ranch,  Douglas,  Arizona;  3750 
ft.;  VIII;  (Snow). 
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mustelina.    See  Xenoglossa, 

nigrescens.    See  nitens. 

ntgriveniris.    See  nitida. 

nigroc»rulea  Smith,  1874,  p.  369.    9  ,  cf .    Mexico. 

Centris  (Cyanocentris)  nigroccerulea  Friese,  1900,  pp.  243,  329. 
Ceniris  (Hemisia)  nigroccerxdea  CockereU,  1906,  p.  98. 

nitens  Lepeletier,  1841,  p.  163.    9  .    Brazil. 

Centris  nigrescens  Burmeister,  1876,  p.  163.   cT,  9  ;  Lagoa  Santa,  Bracl. 

Centris  {Cyanocentris)  nitens  Friese,  1900,  pp.  244,  330.  Jiindiahy  and  Sm 
Paulo,  X,  (Schrottky),  and  Minas  Gerafes  and  Yponema,  Brazil.  Mexico. 
(Briart). 

nitida  Smith,  1874,  p.  368.     9  .    Honduras. 

(?)  Centris  nigriveniris  Burmeister,  1876,  p.  165.  9,  cf.  Mendoia  and 
Buenos  Ayres,  Argentina. 

Centris  {Melanocentris)  nitida  Friese,  1900,  pp.  242,  290.  9 ,  cf .  Venb- 
EUELA.  Colombia.  Orizaba,  Mexico.  V.  These  records  probably  include 
oiomiUiy  as  well  as  nigriveniris. 

Ceniris  (Ptilotopus)  nitida  Cockerell,  1906,  p.  97. 

Crawford,  1906,  p.  158.    San  Jos^,  Costa  Rica;  V,  VI. 

See  transversa. 

nitida  fascialis  Mocsary,  1899,  p.  253.    (C.  fascialis)  9  .    SongoandS. 
Antonio,  Boliva. 

Centris  fascialis  Friese,  1900,  p.  292.    Colombia.    Bahia,  Brazil. 
Friese,  1916,  p.  296.    San  Jos^,  Costa  Rica;  (Schmidt). 

nobilis.    See  melanchlwna, 

obsoleta  Lepeletier,  1841,  p.  153.    9  .    French  Guiana. 

Smith,  1854,  p.  377.    cf ;  Rio  Tapajos,  Amazonas,  Brazil. 

Centris  (Melanocentris)  obsoleta  Friese,  1900,  p.  272.  Pard,  Brazil.  Cara- 
cas, French  Guiana.    Venezuela.    Honduras. 

obscuriventris  Friese,  1900,  p.  326.     (C.  Cyanocentris)  cf  (?),  9  ;  not 
definite  as  to  locality.    See  decolorcUa. 

Cockerell,  1919,  p.  187.  9  .  Bocas  del  Toro,  Panama;  VII;  (Robinson). 
Frontera,  Tabasco,  Mexico. 

Cockerell,  1920,  p.  113.    Maroni,  French  Guiana. 

otomita  Cresson,  1879,  p.  214.    cT.    Mexico;  (Sumichrast). 

Centris  (Melanocentris)  otomita  Friese,  1900,  pp.  242,  291.  Suggests  that  it 
may  be  nitida. 

Ceniris  (PlUotopus)  otomita  Cockerell,  1906,  p.  97. 
See  nitida. 

pallida  Fox,  1899,  pp.  63,  66.     9  .    Phoenix,  Arizona;  V;  at  Parkin- 
soniatorreyana;  (GriflBth). 

Centris  (Ptilotopus)  pallida  Cockerell,  1906,  pp.  97, 314.    "Lower  Sonoran." 
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pandora.    See  zonata. 

penonata  Smith,  1874,  p.  362.    cf .    Tapajos  and  Ega,  Brazil. 

Ceniris  (Rhodocentris)  personata  Friese,  1900,  p.  304.    Bolivia.    Brazil. 
Dutch  Guiana.   French  Guiana.   Colombia.   Mexico. 

Cockerell,  1919,  p.  191.    Pari,  Brazil.     Area,  Venezuela.     Trinidad 
River,  Panama;  V. 

picea.    See  lanipes, 

poBCila  Lepeletier,  1841,  p.  154.    9  .    Cuba. 

Gribodo,  1893,  p.  267.    cT.    Guatemala.    Chiriqui,  Panama. 
Ceniris  (Cyanocentris)  padla  Friese,  1900,  pp.  243,  328.    Cordilleran  region 
(Orizaba),  Mexico. 
Centris  (Hemisia)  pcecila  Cockerell,  1906,  p.  98. 

Cockerell,  1919,  p.  190.    Livingston,  Guatemala;  (Barber  and  Schwarz). 
Tamos,  Mexico;  (Bishopp). 
See  versicolor, 

pcDCila  segregata  Crawford,  1906,  p.  159.     9  .    San  Jos^,  Costa  Rica; 

3550  ft.,  V,  VI. 
prozima  Friese,  1899,  p.  45.    9  ,  cf .   Sa6  Leopoldina,  Jundiahy ,  and  Par&, 
Brazil. 

Centris  (Rhodocentris)  proxima  Friese,  1900,  pp.  243,  307. 
Ceniris  (Trachina)  proxima  Cockerell,  1906,  p.  98. 
Crawford,  1906,  p.  159.    Guapiles,  Costa  Rica;  1000  ft.;  III. 
Cockerell,  1919,  p.  190.     Escuintla,  Guatemala;    (Deam).     Alhajuelo, 
Panama;   (Busck). 

piUchrior.    See  rhodopus  pulchrior. 

rhodoput  Cockerell,  1897,  p.  395.    (C.  ccesalpinice  var.  rhodopus)  9,0?". 
Mesilla  Valley,  New  Mexico;  V;  at  Hoffmanseggia  falcaria, 
Cockerell,  1897c,  p.  29.    19006,  p.  243;  at  Prosopis  glandulosa;  V. 
Ceniris  (Melanocentris)  rhodopus  Friese,  1900,  pp.  242,  297. 
Centris  (Ptilotopus)  rhodopus  Cockerell,  1906,  p.  97. 
Viereck,  1906,  p.  233.    Bill  Williams  Fork,  Arizona;  VIII;  (Snow). 
Hemisia  rhodopus  Bequaert,  1918,  p.  126.     Sierra  Blanco,  Texas;    at 
Ceniaurea. 

rhodopus  pulchrior  Cockerell,  1900,  p.  363.  cf.  Mesilla  Park,  New 
Mexico;  VI.    Described,  without  a  name,  by  Fox,  1899,  p.  68. 

rubripes.    See  atriventris  rubripes. 

rufescens.    See  flavrifrona  rufescens. 

schwarzi  Cockerell,  1919,  p.  192.  9 .  Cacao,  Alta  Vera  Paz,  Guate- 
mala; III;   (Barber  and  Schwarz). 

scutellata.    See  fusciventris  scutellata, 

segregata.    See  pcecila  segregata. 

gericea  Friese,  1899,  p.  41.      9  .  Mexico;    (Ehrenberg). 
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Centris  (MdanocerUris)  sericea  Friese,  1900,  pp.  242,  271. 
Cenlris  (Ptiloiopus)  sericea  Cockerell,  1906,  p.  97. 

iilinHHfna  Smith,  1874,  p.  370.    9 .    Santo  Domingo. 

Centris  (Rhodocentris)  simUlima  Friese,  1900,  pp.  243, 316. 
Centris  (Trachina)  simiUima  Cockerell,  1906,  p.  98. 

simplex.    See  labrosa  simplex. 

smithii  Cresson,  1879,  p.  229.  N.  n.  for  Centris  apiccUis  Smith  (not 
Gu^rin),  1874,  p.  367.  9  .  St.  Bartholomew.  C  smithii  Friese, 
1899,  p.  43,  is  a  homonym  ^bicolorella.  Cockerell,  1904,  p.  235,  =  (?) 
chilensis  Spinola. 

Centris  apicalis  Ashmead,  1900,  pp.  209,  300.    St.  Vincent. 
Centris  {Cyanocentris)  apicalis  FViese,  1900,  pp.  243,  327.    Venezuela, 
Chiriqui,  Panama.    St.  Thomas.    Hayti. 
Centris  (Hemisia)  smithii  Cockerell,  1906,  p.  98. 

subhyalina  Fox,  1899,  p.  96.  9  .  Texas.  **May  subsequently  prove 
to  be  the  female  of  C.  lanosa  Cress." 

Centris  (Ptiloiopus)  subhyalina  Cockerell,  1906,  p.  97. 

tabaniformis.    See  hcemorrhoidalis, 

tanata  Smith,  1874,  p.  371 .    cT .    Santarem,  Brazil. 

Centris  {Rhodocentris)  tarsata  Friese,  1900,  pp.  243,  313.    Suggests  that  it  is 
a  variety  of  lanipes. 

Centris  (Rhodocentris)  tarsata  Schrottky,  1902,  p.  324.    Mendoza,  Argen- 
tina.  Banda  Oriental,  Uruguay. 
W.  P.  Cockerell,  1912,  p.  279.    Gualan,  Guatemala;  at  Iresine  paniculata. 
Cockerell,  1913o,  p.  192.    Quirigua,  Guatemala;  (W.  P.  Cockerell). 
See  lanipes. 

testacea  Lepeletier,  1841,  p.  165.     9  .    Habitat  unknown. 

Smith,  1874,  p.  365.    Santo  Domingo. 

Centris  (Rhodocentris)  testacea  Friese,  1900,  pp.  243,  310.    Port  au  Prince, 
Hayti. 
Centris  (Trachina)  testacea  Cockerell,  1906,  p.  98. 

thoracica.    See  domingensis, 

totonaca  Cresson,  1899,  p.  213.     9  .    Mexico;  (Sumichrast). 

CerUris  (Rhodocentris)  totonaca  Friese,  1900,  pp.  243,  313. 

Centris  (Trachina)  totonaca  Cockerell,  1906,  pp.  73,    98. 

W.  P.  Cockerell,  1912.  p.  281.    Gualan,  Guatemala. 

transversa  P^rez,  1905,  p.  39.     9,  cf.    T^huacan,  Mexico;   (Diguet). 

Du  Buysson  (in  lilt.)  considers  this  to  be  nitida  Smith. 
tricolor.    See  lanipes. 
trigonoides.    See  lanipes. 
yaria  Eriehson,  1848,  p.  591.    (Hemisia)  9  .    British  Guiana. 
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Dalla  Torre,  1896,  p.    09. 

Centris  (Cyanocentrts)  varia  Friese,  1900,  p.  327.    Brazil.    Peru.    Chiri- 
qui,  Panama. 
See  versicolor. 

▼oraicolor  Fabricius,  1775,  p.  386.    (Apis)    America. 

Podaliritis  versicolor  LatreiUe,  1802,  p.  431. 

Fabricius,  1804,  p.  359.    Islands  of  America. 

Megilla  versicolor  Illiger,  1806,  p.  142.   West  Indies. 

Lasius  versicolor  Jurine,  1807,  p.  237. 

Hemisia  versicolor  Klug,  1807,  pp.  213,  215,  227. 

Anthophora  versicolor  Lamarck,  1817,  p.  62. 

Centris  versicolor  ( 9)  and  decolorata  (cT)  Lepeletier,  1841,  pp.  154,  106. 
Guadeloupe. 

Anthophora  versicolor  Lucas,  1856,  p.  780.    Havana,  Cuba. 

Centris  versicolor  and  decolorata  Smit  h,  1 874,  p.364.  Vera  Cruz  and  Oaxaca, 
Mexico.    Brazil.    Santo  Domingo. 

Centris  errans  Fox,  1899,  p.  66.    9 .    Biscayne  Bay,  Florida. 

Ashmead,  1900,  pp.  209,  300.  Grenada.  St.  Vincent.  Porto  Rico. 
Some  of  these  may  be  mistaken  identifications. 

Centris  (Cyanocentris)  versicolor^  Friese,  1900,  pp.  243,  325.  Suggests  that 
instdarisy  varia,  inermisj  fasciata,  p<BcHa,  and  hasmorrhoidalis  are  merely  color- 
forms  of  versicolor. 

Holmberg,  1903,  p.  431.    Argentina. 

Schrottky,  1903,  p.  577.   At  Crotalaria  patdina  in  Brazi  :.. 

Centris  {Hemisia)  versicolor  Cockerell,  1906,  p.  98.    Jamaica;  at  Crotalaria. 

Crawford,  1914,  p.  131.    Dominica;  (Foote). 

versicolor  apicalis  Gu^rin,  1845,  p.  455.    (Anthophora)     9  .    Cuba. 

Centris  (Hemisia)  versicolor  apiccdis  Cockerell,  1906,  p.  98. 
versicolor  insvlaris.    See  insularis. 
vidua  Mocs4ry,  1899,  p.  252.    c?.    San  Pedro  Sula,  Honduras. 

Centris  (Melanocentris)  vidua  Friese,  1900,  pp.  242,  271.  Orizaba,  Mexico  . 
Thamm,  Peru. 

vittata.    See  breviceps. 

vu  pecula.    See  lanipes. 

zylocopoidoB  Fox,  1899,  p.  70.     9  .    Trinidad;  XI. 

Cetdris  atra  Friese,  1899,  pp.  41, 118.  9,0^.  Blumenau,  Brazil.  Colom- 
bia.   Venezuela.    Possibly  a  prior  name. 

Centris  (Melanocentris)  atra  Friese,  1900,  pp.  241,  267,  344. 

Ashmead,  1900,  pp.  209,  300.    Grenada. 

Centris  (PtHotopus)  xylocopoides  Cockerell,  1906,  p.  97. 

C.  atra  Cockerell,  1919,  p.  192.  Rio  Mato,  Caura  district,  Venezuela; 
(Carriker). 

sonata  Mocsary,  1899,  p.  251.     9  .    Chiriqui,  Panama. 

Centris  (Melanocentris)  zonata  Friese,  1900,  pp.  241,  269.  C  pandora,  new 
name,  was  proposed  (p.  350)  because  he  included  Epicharis  with  Centris, 
introducing  zonata  Smith. 
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Chalbpooihus  Holmberg,  1903,  p.  416 
(Type:  Chalepogenusincertus  Hohnherg) 
Desmotttrapedia  Schrottky,  1909,  p.  223,  has  the  same  type,  muelkri 
Fnese='incertus  Holmberg.    See  Cockerell,  1914c,  p.  320. 
calcaratUB  Cresson,  1878,  p.   136.     (Teirapedia)      9,   d*.      Mexico; 
(Sumichrast). 

Teirapedia  caicarata  Friese,  1899a,  p.  296.    Colombia.    Venezuela. 
Tetrapedia  caicarata  Cockerell,  19126,  p.  31.    Quirigua,  Guatemala;  II; 
at  Pontederia  cordata;  (W.  P.  CookereU). 
Cockerell,  1914c,  p.  320. 

Cockerell,  19176,  p.  302.    Sonsonate,  Salvador;  VIII;  (Knab).    Paraiso, 
Canal  Zone,  Panama;  I;  (Busck). 

Tetrapedia  caicarata  Cockerell,  1919,  p.  211.     St.  Lucrecia,   Vera  Crux, 
Mexico;   (Knab). 

globulosuB  Friese,  1899a,  p.  298.    (Tetrapedia)  cP,    Locality  unknown. 
Cockerell,  19176,  p.  302.    Tobago  Island,  Panama;   VII;    (Busck).    9. 
Paraiso,  Canal  Zone,  Panama;  V;  (Jennings). 

mayarum  Cockerell,  19126,   p.  30.     (Tetrapedia)    9,   d*.     Quirigua, 
Guatemala;  II;  (W.  P.  Cockerell). 
Cockerell,  1914c,  p.  320. 
moBStUB  Cresson,   1878,   p.    135.     (Tetrapedia)      9*,   cf.     Mexico; 
(Sumichrast). 

Tetrapedia  nuesta  Friese,  1899a,  p.  288.     Guatemala.     See  Tetrapedia 
atripes. 

Tetrapedia  mmsta  Cockerell,  19126,  p.  31.    Quirigua,  Guatemala;  II;  at 
Pontederia  cordata;  (W.  P.  Cockerell). 
Cockerell,  1914c,  p.  320. 

Cyanocentris  Friese 
See  Centris. 

Desmotetrapedia  Schrottky 
See  Chalepogenu^s. 

Diadasiella  Ashinead 
See  Exomalopsis. 

Epeicharis  Radoszkowsky 
See  Tetrapedia. 

Epichams  Klug,  1807,  pp.  211-214,  226. 
(Type:  Centriii  uvvbraculata  Fabricius) 
Friese,  1900,  brings  together  the  original  descriptions  of  all  the 
species,  gives  keys,  etc.,  making  it  a  subgenus  of  his  Centris. 
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EpicharoidoB  Radoszkowsky,  1884,  p.  20,  (Type:  bipunctcUus  Rad.) 
is  here  considered  as  a  subgenus,  our  only  species  being  maculata, 
Eucharis  Lepeletier,  1825,  p.  794. 

albofasdata.    See  maculata, 

bicolor  Smith,  1854.    cf.  Brazil. 

Centris  {Epickaris)  bicolor  Friese,  1900,  p.  260.  9 ,  <^.  Pernambuco  and 
Sa6  Paulo,  Brazil.  Montevideo,  Uruguay.  French  Guiana.  Mexico. 
C.  flaviveniris,  new  name,  was  proposed  (p.  350)  because  he  included  this 
species  in  the  same  genus  as  Centris  bicolor  Lepeletier. 

bipundatus,    Se  maculata. 

conura  Cockerell,  1917,  p.  200.     9  .    San  Carlos,  Costa  Rica;   (Schild 

and  Burgdorf). 
elegans  Smith,  1861,  p.  152.     9,c?.    Mexico;   (Sall6). 

Centris  (Epicharis)  elegans  Friese,  1900,  p.  260.    Oaxaca,  Mexico. 

flaviveniris.    See  bicolor. 

lunulata  Mocs&ry,  1898,  p.  499.     9  ,  c?.    Chiriqui,  Panama.  Praesidio, 
Mexico. 

Centris  (Epicharis)  luniUata  Friese,  1900,  p.  261.    Orizaba,  Mexico. 

maculata  Smith,  1874,  p.  320.     9  .    Oaxaca,  MEXIC9. 

Epicharis  albofasdata  Smith,  1874,  p.  321.    cT.    Sad  Paulo,  Pard,  Brazil.  • 

Epicharoides  bipundatus  Radosskowski,  1884,  p.  20.    Mexico. 

Friese,  1899,  p.  39.    Montevideo,  Uruguay.    Brazil.    Venezuela. 

Centris  (Epicharis)  mactdata  Friese,  1900,  p.  262.  C.  variabiliSy  new  name, 
was  proposed  (p.  350)  becasue  he  included  this  species  in  the  same  genus  as 
Centris  maculata  liepeletier. 

Ducke,  1910,  p.  365,  says  that  Friese's  maculata  is  cdbofasciaia  Smith,  not 
maculata  Smith,  and  that  the  latter  is  a  Mexican  species  allied  to  cockereUi. 

Cockerell,  1919,  p.  194.  French  Guiana;  (Schaus).  Rio  Mato,  Caura 
district,  Venezuela;  (Carriker). 

metatanalifl  Friese,  1899,  p.  40.    cT.    St.  Parime,  Venezuela.    Colom- 
bia. 

Centris  (Epicharis)  metatarscdis  Friese,  1900,  p.  264. 

Centris  (Epicharis)  melcdarsaiis  Friese,  1904,  p.  90.  9,  d".  San  Carlos, 
C08TA  Rica;  (Burgdorf). 

monosona  MocsAry,  1898,  p.  498.     9  .    Panama. 

Centris  (Epicharis)  monozona  Friese,  1900,  p.  259.  Bogota,  Colobibia. 
Cockerell,  1906,  p.  98.    Mexico. 

phenacura  Cockerell,  1917,  p.  200.    d' .  San  Carlos,  Costa  Rica;  (Schild 

and  Burgdorf). 
variabilis.    See  maculata. 
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Epichoroides  Radoszkowsky 
See  Epicharis, 

Eucharis  Lepeletier 
See  Epicharis. 

BxoMALOPns  Spinola,  1851,  p.  89 
(Tjrpe:  Exomalopsis  aureopUosa  Spinola) 

Taschenberg,  1883,  p.  82,  designated  fulvopilosa  Spinola  a8  the 
type  but  it  is  now  considered  to  be  a  synonym  of  aureapilosa. 

Friese,  1899a,  pp.  250-270,  gives  a  summary  of  previous  work. 
Cockerell,  1905a,  p.  10,  gives  a  key  to  U.  S.  species  and,  1918a,  p.  476, 
to  certain  other  species. 

Anthophorula  Cockerell,  1897c,  p.  44  (Type:  compactida  Ckll.) 
is  here  considered  as  a  subgenus.  See  also  Cockerell,  1898,  p.  452, 
and  1898a,  p.  70;  also  Friese,  1899a,  p.  247. 

Diadasiella  Ashmead,  1899,  p.  64  (Type:  coquiUetti  Ashmead). 
See  Cockerell  and  Porter,  1899,  p.  406. 

alboTittata Cockerell,  1918a,  p.  477.    9  .   Oaxaca,  Mexico;  (Crawford). 
brunori  Crawford,   1902,  p.  238.      9,   cf.     Lincoln,  Nebraska;    at 
Helianthus  annuus. 

Anthophorula  bruneri  Cockerell,  1906,  p.  98. 

Anthophorula  bruneriCockereHy  1911  f  p.  390.  Sterling,  Colorado;  VIII; 
at  Helianthus  lenticularis. 

Anthophorula  bruneri  Cockerell,  1914,  p.  114.  Dallas,  Texas;  IX;  at 
Helianthus;   (Bishopp). 

See  Melissodes  pygmcea. 

eallura  Cockerell,  19126,  p.  319.    c?.    Gualan,  Guatemala;  at  Verrumia 

aschenbomiana;  (W.  P.  Cockerell). 
chlorina  Cockerell,  1918a,  p.  477.      9.     Las  Cruces,  New  Mexico; 

VIII ;  at  Sphoeralcea, 
compactula  Cockerell,  1897c,  p.  44.    {Anthophorula)     9  .   Las  Cruces, 

New  Mexico;   VIII;   at  Dithyrcm  wisUzenii;   (Townsend). 

Cockerell,  1898a,  p.  70.     Mesilla  VaUey,  New  Mexico.    See  footnote; 

also,  1898,  p.  451 :    9 ,  c^ ;  La  Cueva,  Organ  Mountains,  New  Mexico;  IX; 

at  Phacelia  congesta;  (Townsend) . 
Anthophorula  compactula  Cockerell,  1906,  pp.  98,  312.    "Lower  Sonoran." 
Anthophorula  compactula  Cockerell,  1906a,  p.  73.     Brownsville,  Texas; 

VI;  (Snow). 

coquiUetti  Ashmead,  1899,  p.  64.  {Diadasiella)  cf .  This  species  was 
described  by  Ashmead,  in  his  generic  description  of  Diadasiella, 
but  it  is  fm*ther  described  by  Cockerell  and  Porter,  1899,  p.  406, 
from  the  type  specimen.    San  Diego  County,  California. 


Digitized  by 


Google 


1920]  Lutz  and  Cockerellf  Notes  on  American  Bees  565 

Anthophonda  coquiUeUi  Cockerell,  19036,  p.  78,  and  1905,  pp.  14,  15.  Los 
Angeles,  California. 

Anthopharula  coqaiUeUi  Cockerell,  1915c,  p.  232.  Claremont,  Caufornia; 
(Baker). 

crudB  Cockerell,  1918a,  p.  478.    Medellin,  Vera  Cruz,  Mexico;  (Hyde). 

Also  San  Juan  Allende,  Mexico;  XI;  (Townsend).    . 
cvbensis  Spinola,  1851,  p.  92.     9  .    Cuba;   (Poey).    Insufficiently  des- 
cribed. 
eriocarpi.   See  Xenoglossodes, 

fredericiCockerell,  1914,p.  115.    &.    Mexico;  (F.Smith). 
fulvoBConB  Smith,  1879,  p.  127.     9  .    Oaxaca,  Mexico. 

Friese,  1899a,  p.  255.    <^.    Orizaba,  Mexico;  (Krieger). 
Cockerell,  1905e,  p.  326.    Note  on  type. 

globosa  FabriciuR,  1793,  p.  333.  (Apis)  9,  cf.  West  Indies;  (Sehe- 
stedt). 

Anihophora  glohosa  Fabricius,  1804,  p.  375. 

MegUUi  (?)  globosa  Illiger,  1806,  p.  142. 

Friese,  1899a,  p.  258.  St.  Thomas.  Porto  Rico.  Colobibia.  Gives 
dbliqua  Friese,  t.  l.j  as  a  synonym  and  suggests  that  pulchella,  pvJbescens, 
pendope  and  perhaps  simUis  are  merely  color-varieties.  The  pvbescens  of 
Ashmead,  1900,  from  Grenada  and  St.  Vincent  probably  belongs  here. 

Holland,  1917,  p.  296.  Nueva  Gerona,  Isle  of  Pines,  Cuba;  VIII,  IX; 
(Link). 

Cockerell,  19176,  p.  302.    Mayaguez,  Porto  Rico;  I;  (Hooker). 

limata  Cresson,  1878,  p.  133.      9.     Mexico;    (Sumichrast). 
Friese,  1899a,  p.  256.    Orizaba,  Mexico. 

molanuruB   Cockerell,    1916d,   p.   59.      9.     Claremont,  California; 

(Baker) .    *  *  Not  typical  Exomalopsis. ' ' 
mellipeB  Cresson,  1878,  p.  134.    (Exomalopsis  ?)    9.    Mexico;  (Sum- 
ichrast). 

Cockerell,  1904a,  p.  24.    San  Rafael,  Vera  Cruz,  Mexico;     at  Cordia; 
(Townsend). 
Cockerell,  1918a,  p.  476.    cf .    Medellin,  Vera  Cruz,  Mexico;  (Hyde). 

mozicana  Cresson,  1878,  p.  133.    9  .    Mexico;  (Sumichrast). 
morgani  Cockerell,  1914,  p.  114.    {Anthophorula)  9  .    Falfurrias,  Texas; 

V;  a.t Helianthus;  (A.C.Morgan). 
nitens  Cockerell,  1915c,  p.  231 .    9  .   Laguna,  California  ;  (La  FoUette) . 
obliqua.    See  globosa, 
otomita  Cresson,  1878,  p.  133.     9  .    Mexico;   (Sumichrast). 

Friese,  1899a,  p.  268.    Orizaba,  XI,  and  Cordoba,  Mexico. 

Friese,  1916,  p.  296.    San  Mateo,  Costa  Rica;   (Burgdorf). 
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penelope  Cockerell,  18976,  p.  161.     9,  c?.    San  Rafael,  Vera  Cruz, 
Mexico;  VII;  atCardia;  (Townsend). 

Cockerell,  18996,  p.  16.    Lower  part  of  Rio  Nautla,  Mexico. 

Friese,  1899o,  p.  260.   Orizaba,  V,  Tampieo  and  Huastee,  Mexico.   Brazil. 

Schrottky,  1903,  p.  531.    Bogota,  Colombia. 

See  globosa  Fabr. 

planieopB  Smith,  1879,  p.  125.     9  ,  cf .    '*  Amazons,  Tunantins.'' 
Friese,  1899o,  p.  262.   Santos,  X,  and  Bahia,  Brazil. 
Friese,  1916,  p.  296.   San  Jos^,  Costa  Rica;  (Schmidt). 

pubescenB  Cresson,  1865,  p.  192.    c?.    Cuba;  (Gundlach). 
(?)  Fox,  1891,  p.  347.    Kingston,  Jamaica. 
Cockerell,  1906,  p.  98.     **Var.  in  Jamaica." 
Holland,  1917,  p.  296.    Nueva  Gerona,  Isle  of  Pines,  Cuba;   VIII,  IX; 

(Link). 
See  globosa. 

puchella  Cresson,  1865,  p.  191.     9  ,  cf .    Cuba. 

Fox,  1891,  p.  347.    Kingston  and  Port  Antonio,  Jamaica. 

Fox,  1893,  pp.  25,  120.  San  Jos 5  del  Cabo,  Lower  California,  Mexico; 
X;   (Eisen). 

Friese,  1899a,  p.  259.  Port  au  Prince,  Haiti.  Porto  Rico.  Portland, 
Jamaica;  (Riley). 

Cockerell,  19126,  p.  29.  Quirigua,  Guatemala;  at  Zexmenia  virfftsUa, 
(W.  P.  Cockerell). 

Friese,  1916,  p.  296.    San  Jos^,  Costa  Rica;  (Schmidt). 

Holland,  1917,  p.  296.  Nueva  Gerona,  Isle  of  Pines,  Cuba;  VII-IX; 
(Unk). 

See  zexmenice  and  globosa. 

pygmaa  Cresson,  1872,  p.  279.    (Melissodes)  9  .    Texas;  (Belfrage). 

Melissodes  pygmcta  Schwarz,  1896,  pp.  24-26.    San  Diego,  Duval  County, 
Texas.    Sleeping  habits. 
Cockerell,  1916(i,  p.  60,  says  that  it  is  an  Exomalopsis,  possibly  bruneri. 
nifltarslB  Smith,  1879,  p.  126.     9  .    Jamaica. 
Fox,  1891,  p.  347.    Port  Antonio,  Jamaica. 
Ashmead,  1900,  p.  301 .    Cuba.    Grenada.   St.  Vincent. 
Cockerell,  1905c,  p.  326.    Note  on  type. 

sorrata  Friese,  1899a,  p.  270.    cT.    Orizaba,  Mexico. 

Anthophorula  serrata  Cockerell,  1906,  p.  99. 
sid8B  Cockerell,  18976,  p.  160.     9  ,  <f.    Mesilla,  New  Mexico;  VII;  at 
at  Si  da  hederacea. 

AnDiophorula  sida;  Cockerell,  1906,  p.  99. 
siznilis  Cresson,  1865,  p.  191.     9  .    Cuba. 

Ashmead,  1900,  p.  301.    Porto  Rico. 
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Crawford,  1906,  p.  161.     Guacimo  (450  ft.;  VI)  and  Guapilee  (1090  ft.; 
Ill),  CosiA  Rica. 
W.  P.  Cockerell,  1912,  p.  281.   Gualan,  Guatemala;  at  Cordia aUm. 
CockereU,  1913a,  p.  192.   Quirigua,  Guatemala;  II;  (W.  P.  Cockerell). 
Crawford,  1914,  p.  131.   Dominica;  (Foote). 
See  glohosa. 

snowl  Cockerell,  1906a,  p.  73.    cf.    Brownsville,  Texas;  VI;  (Snow). 
solani  Cockerell,  1896,  p.  25.      9 .     Albuquerque,  VIII,  at  Solanum 

elceagnifoliunty  and  Las  Cruces,  X,  at  Flaveria,  Verbesina  encelioides 

and  Bigelovia  wrightii.  New  Mexico. 

Cockerell,  1897c,  p.  23.  MesiUa  Valley  and  Organ  Mountains  (Dripping 
Spring  and  Soledad  Canyon),  New  Mexico. 

Friese,  1899a,  p.  256.  Mesilla,  New  Mexico;  VII;  at  Sphceralcea  augusti- 
folia  Iproheihly  S.lobata];  (Cockerell).    San  Antonio,  Texas;  VI. 

Cockerell,  1903,  p.  444.  Mescalero,  New  Mexico;  X;  at  Bigelovia  grave- 
olens  glabrata. 

Bolidaginis  Cockerell,  1898,  p.  452.     d*.    Las  Cruces,  New  Mexico; 
VIII;  B,t  Solidago  canadensis  arizonica;  (Townsend). 

Cockerell,  1905a,  p.  10.  La  Cueva,  Organ  Mountains,  New  Mexico; 
about  5300  ft. ;  IX;  &i  Ldppia  tvrighiii;  (Towcsend). 

Cockerell,  1907d,  p.  539.  Mesilla  and  Albuquerque  (with  only  two  sub- 
marginal  cells  in  each  wing),  New  Mexico;  VT. 

steamBi  Cockerell,  1905,  p.  101.     (Melissodes)    9.    Los  Angeles  and 
Redondo,  California;  (Davidson). 
CockereU,  1916J,  p.  59. 

tepaneca  Cresson,  1878,  p.  134.    9  .    Mexico;  (Sumichrast). 
tezana  Friese,  1899a,  p.  264.    9  ,  cf .    Fedor,  Texas  ;    IX  to  XI ;    (Birk- 
man). 

Anthophorula  texana  Cockerell,  1906,  p.  99. 

thermallB  Cockerell,   1918a,   p.  478.      9 .     Aguascalientes,  Mexico; 

XII;   (Bishopp). 
▼erbeBinaB'^ Cockerell,  1904a,  p.  21.     9.    Mesilla  Park,  New  Mexico; 

VI;  Sit  Verbesina  exauriculata;  (Rhodes). 

Cockerell,  1905o,  p.  10.   Tempe,  Arizona;  X;  2lX  Heterotheca;  (Cockerell). 

▼elutinuB   Cockerell,    1916d,    p.    58.      9.     Claremont,  California; 

(Baker).    "Not  a  typical  Exomalopsis.*^ 
vlncentana  Cockerell,  19176,  p.  302.     9  .    St.  Vincent;  (H.  H.  Smith). 

Cockerell,  1918a.  p.  476.  cf .  Windward  side  of  St.  Vincent;  (H.  H. 
Smith). 
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20xmonia  ('ockerell,  1912c,  p.  447.  9 .  Quirigua,  Guatemala;  at 
Zexmania  virgulata;  (W.  P.  Cockerell).  Gives  this  nametoJBro- 
malopsis  pnlchella  Cockerell,  19126,  p.  29. 

Cockerell,  1917a,  p.  191.    Point  Isabel,  Texas;  IV;  (W.  P.  Cockerell). 


See  Tetrapedta. 
See  Ceniria. 
See  Centris. 
See  Centris. 
See  CeniriH, 
See  Centris. 
See  Centris 


Fioreniinia 

Hemisia 
Heterocentris 
Melanocentris 
Pcecilocentris 

Ptilotopus 
Rhodocentris 


Tbtbapkdia  Klug,  1810,  p.  33 
(Type-  Tetrapedia  diversipes  Klug) 
Friese,  1899a,  pp.  247-304,  gives  a  summary  of  previous  work. 
^pe/cAam  Radoszkowski,  1884,  p.  18  (mexicaiins) . 
Fioreniinia  Dalla  Torre,  1896,  p.  334.     New  name  for  Epeicharis 
Radoszkowsky. 

abdominalifl  Cresson,  1878a,  p.  182.  9,  cf.  Mexico;  (Sumichrast). 
albilabris  Friese,  1916,  p.  335.  d*.  San  Jos^,  Costa  Rica;  (Schmidt). 
albipes  Friese,  1916,  p.  334.    d",  9  .    San  Mateo,  Costa  Rica;  (Burg- 

dorf).    Popayan  and.C^.aU  Cauca,  (.olombia. 
amplipennis.    See  lugubris. 
antennata  Friese,  1899a,  p.  297.    9  ,  d^ .    Orizaba  and  Cordoba,  Mexico; 

(Saussure). 
apieallB  Cresson,  1878,  p.  136.     9  .    Mexico;   (Sumichrast). 

Friese,  1899a,  p.  289.    Orizaba,  Mexico. 
atripes  Smith,  1854,  p.  366.     9.    Mexico;  (F.  Smith).    • 

Friese,  1899a,  p.  302.    Suggests  it  may  be  Cresson's  mcesta.     (See  ChaU- 
pogenus.) 
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calcarata.    See  Chalepogenus. 

fratema  Cresson,  1878a,  p.  136.    cf.    Mexico;  (Sumichrast). 

fusdventris.    See  Tnexicanafusdverdris, 

globidosa.    See  Chalepogenus. 

grisescens.    See  mexicana  grisescens, 

lugubris  Cresson,  1878,  p.  135.    cf .    Mexico;  (Sumichrast). 

Friese,  1899a,  p.  2d2.     9;  Mexico,    c^;  St.  Parime,  Venezuela. 

Ducke,  1910,  p.  364,  is  of  the  opinion  that  this  species  is  a  synonym  of 
amplipennis. 

mcesta.    See  Chalepogenus  nicestus, 

maura  Cresson,  1878,  p.  134.    9  *,  cf .    Mexico;  (Sumichrast). 

Friese,  1899a,  p.  284.    Guatemala.    Orizaba,  Mexico 
may  arum.    See  Chalepogenus, 

mezieana  Radoszkowsky,   1884,  p.   19.     (Epeicharis)     cf*.    Orizaba, 
Mexico 

Telrapedia  sanssitrei  Friese,  1899a,  p.  301.    Guatemala.    See  Cockerell, 
1906,  p.  98. 

mexieana  fuscivontriB  Friese,  1899a,  p.  301.     (E.  saussurei  fu^civentris) 

cf.    Mexico;  (Saussure). 

Telrapedia  mexicana  ftisciventris  Cockerell,  1906,  p.  98. 
mexicana  grisescens  Friese,  1899a,  p.  301.     (E.  saussurei  grisescens) 

cf.    Mexico;  (Saussure). 

Telrapedia  mexicana  grisescens  CockereU,  1906,  p.  98. 
mcesta.    See  Chalepogenus. 
saussurei.    See  mexicana. 
swftinsona  Cockerell,  1909,  p.  398.      9  :     Bath*,  St.  Thomas;    and 

Jamaica;   (Swainson).       cf:     P.   Cr.   River,   St.   Thomas;    and 

Jamaica;  VI. 
terminalis  Cresson,  1878,  p.  136.     9  .    Mexico;  (Sumichrast). 

Trachina 
Sec  Centris. 

Anthophorinsd 

Amegilla 
See  Anthophora. 

Ancyloscelis 
See  Diadasia  and  Leptergatis. 

Anthemoessa 
See  Anthophora. 
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Anthophora  Latreillc,  1803,  p.  167 
(Type:  Apis  retusa  Linnseus) 

Dalla  Torre,  1896,  uses  the  name  Podalirius  except  where  we  have 
indicated.    Cockerell,  1906,  p.  64  et  seq.y  gives  keys  and  notes. 

The  following  subgenera  may  be  recognized. 

Amogilla  Friese,  1897a,  pp.  5, 18,  26. 

Anthemoessa  Robertson,  1905,  p.  372.    Tj'^pe:  Anthophora  abrupta 
Say. 

Mieranthophora  Cockerell,  1906,  p.  66.    Type:   Anthophora  citrta 
Provancher. 

abrupta  Say,  1837,  p.  409.     cf .    Indiana. 

Anthophora  sponsa  Smith,  1854,  p.  339.     9  ;  U  S. 

Anthophora  sponsa  Walsh,  1868,  p.  9,  fig.  5.  AltoD,  Illinois;  describes 
rest. 

Cresson  1869,  p.  291.    Massachusetts.    West  Virginia. 

Cresson,  1872,  p.  283.    Bosque  County  (?),  Texas;  (Belfrage). 

Riley,  1877,  p.  563,  describes  Homia  [Coleoptera]  in  cells  of  this  species. 

Cresson,  1879,  p.  227.    Canada. 

Robertson,  1891a,  pp.  576,  580,  591.  At  Asclepias  pttrpurescens,  Hydro- 
phyUum  virffinicum,  Mertensia  virginicay  ConvoUndus  sepiunif  and  PenMeman 
pvbescens  and  lomgalus  digitalis. 

Robertson,  1894,  p.  442.  Macoupin  County,  Ilunois;  at  Rosa  hunUUs 
and  seligera. 

Robertson,  1896,  p.  169.     Carlinville,  Ilunois;  VI;  at  Gillenia  siipulacea. 

Cockerell,  1899c,  p.  3.    Baldwin,  Douglas  County,  Kansas;  (Bridwell). 

Cockerell,  1905c,  p.  267.  Fedor,  Lee  County,  Texas;  IV;  (Birkman). 
See  Birkman,  1899,  p.  245. 

Anthemoessa  abrupta  Robertson,  1905,  p.  372. 

Tucker,  1909,  p.  278.    Lawrence,  Kansas;  V,  VI. 

Smith,  1910,  p.  694.    Caldwell  and  Palisades,  New  Jersey;  VII. 

Banks,  1912,  p.  107.    At  Ceanothus. 

A.  (Anthemo^a)  abrupta  Viereck,  1916,  p.  737. 

abrupteUa  Cockerell,  1906,  pp.  69,  72.     9  .    Los  Angeles,  California; 

(Davidson). 
aflabilifl  Cresson,   1878a,  p.  189.      9,   cf.     Bosque  County,  Texas; 

(Belfrage). 

Podalirius  affabUis  Cockerell,  1897e,  p.  105.  Mesilla  Park,  New  Mexico; 
at  plum  blossoms. 

Podalirius  (Anthophora)  affabilis  Cockerell,  1898a,  p.  69.  Mesilla  Valley, 
New  Mexico. 

Cockerell,  1906,  pp.  99,  311.  Engle,  New  Mexico.  "Middle  Sonoran." 
At  Astragalus  and  Lycium. 

alamosana  Cockerell.    See  urbana. 
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albata  Cresson,  1876,  pp.  211,  PI.  xxxv.     9.     Denver,  Colorado; 
VI;  (Putnam). 

A.  (Micranihophora)  dUbata  Cockerell,  1906,  p.  100. 
cUbiceps.    See  Emphoropsis. 

anstrutheri  Cockerell,  1906,  pp.  66,  71,  100.     9 .    Los  Angeles,  Cali- 
fornia ;  ( Davidson) .    *  *  Possibly  flavocincta  9  . " 
A.  (Micranihophora)  ansirutheri  Cockerell,  1906,  p.  100. 
A.  anstrutheri  variety  a  CockereU,  1916,  p.  283.     9.     Mountains  near 
Claremont,  Calipornia;  (Baker). 
Bray,  1917,  p.  93.    Claremont,  California;  IV;  at  Lousglaber. 

apicalis.    See  Centris  versicolor  apicalis. 

arthuri  Cockerell,  1906,  pp.  67,  72,  100.     9.    Maybell,  Colorado; 
VIII;  (S.A.Johnson). 

A.  {Micranihophora)  arthuri  CockereU,  1906,  p.  100. 

atrata  Cresson,  1865,  p.  189.    cf .    Cuba. 

aurulentocaudata.    See  Emphoropsis, 

badia  Dours,  1869,  p.  107.    cT.    Mexico. 

bidontata  Provancher,  1882,  p.  234.    (Ceratina)    (f.    (vANAda. 

Provancher,  1883,  p.  718.    (Have  not  seen.) 

Anthophora  nudata  Provancher,  1889  (?),  p.  336. 

bomboidoB  Kirby,  1837,  p.  271.    d^ .    ''  Lat.  65°, ' '  Canada. 

Cresson,  1869,  p.  291.  9,  cf.  Massachusetts.  Connecticut. 
Pennsylvania.    West  Virginia. 

Cresson,  1872,  p.  283.    Bosque  County  (?),  Texas;   (Belfrage). 

Provancher,  1884,  p.  691.     (Have  not  seen.) 

(?)  Cockerell,  1893,  p.  338.  Custer  County,  Colorado.  See  homboides 
neomexicana  Cockerell,  1906rf,  p.  419. 

Evans,  1896,  p.  13.    Sudbury,  Ontario. 

Cockerell,  1897c,  p.  20.   Santa  F6,  New  Mexico;  7000  ft. 

Graenicher,  1911,  p.  248.  Solon  Springs,  Douglas  County,  Wisconsin; 
VII;  at  Apocynum  and  roscemifolium. 

See  scuieUaris. 

bomboidoB  eanadonflis  Cresson,   1869,  p.   292.     {A.  canadensis)    cf . 

Ontario,  Canada;   (J.  Pettit). 

Cresson,  1879,  p.  227. 

(?)  Cockerell,  1900a,  p.  409.    Olympia,  Washington;  VI;  (Kincaid). 

bomboidoB  noomezicana  Cockerell,  1900a,  p.  408.  cf,  9  .  Las  Vegas* 
and  Beulah,  New  Mexico;  V,  VI;  at  alfalfa  and  Lycium  vvlgare. 
(?)  P.  409:  Sioux  County,  Nebraska. 

CockereU,  1905d,  p.  60.  Fort  Collins,  Denver,  and  Parker,  Colorado; 
V;  Johnson  bred  the  meloid  Leonidia  neomexicana  (Ckll.)  from  cells  collected 
near  Parker.  Cockerell,  1906,  p.  99,  records  it  at  Lycium;  and,  p.  311,  adds 
Trout  Spring,  Santa  F^  and  Pecos,  New  Mexico;  "Canadian  to  Upper 
Sonoran." 
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A,  neomexicana  Cockerell,  1906d,  pp.  419, 443.  Floriasant,  Teller  County, 
and  (?)  Wet  Mountain  Valley,  Custer  County,  Colorado;  VI,  VIII;  at 
Polemonium  and  Iris  missouriensis, 

A.  neomexicana  Stevens,  1919,  p.  210.    Marmarth,  North  Dakota. 

See  scutellaris  Swenk. 

bomboides  willingi  Cockerell,  1911,  p.  34.     cf .    Prince  Albert,  Saskat- 
chewan, Canada;  VI;   (Willing). 
califomiea  Cresson,  1869,  p.  290.    cf.    California;  (Osten  Sacken). 

Podalirius  calif  amicus  Cockerell,  1898/,  p.  314.  Las  Cnices,  New  Mexioj; 
at  Cevallia  sinucUa, 

(?)  A.  (AmegiUa)  califomiea  Viereck,  1906,  p.  237.  Oak  Creek  Canycm, 
Arizona;  VII,  VIII;  (F.  H.  Snow).  See  texana  and  Cockerell,  1906,  pp.  65, 
66,  and  99. 

Cockerell,  19166,  p.  55.  Coronado  Islands,  Mexico;  VIII;  at  Hazardia 
berberidis. 

See  texana. 

canadensis.    See  bomboides  canadensis. 

eapistrata  Cresson,  1878a,  p.  187.     cf .     Bosque  County  (?),  Texas; 
(Belfrage). 

Fox,  1893,  p.  118.    El  Taste,  Lower  California,  Mexico;  3400  ft.;  (Eisen). 
carbonaria.    See  infernalis. 
cardui.    See  smithii. 
catalinsB  Cockerell,  1910,  p.  297.     9.     Catalina  Island,  California; 

VIII;  (W.  P.  Cockerell). 
centriformiB  Cresson,  1879,  p.  212.    cf .    Nevada;   (Morrison). 
centriformiB  viorecki  Cockerell,  1906,  pp.  69,  311.     cf .     Alaraogordo, 

New  Mexico;  V;  (Viereck).    '* Middle  Sonoran.'' 
cineraria.    See  Emphoropsis. 

citreostrigata  Dours,  1869,  p.  95.     9  .    North  America. 
cleomis.    See  marginata. 
corvicolor.    See  infernalis. 
costaricexuds  Friese,  1916,  p.  332.     cf,   9.    San  Carlos,  Costa  Riga; 

(Burgdorf). 
crotchii,  Cresson,  1878a,  p.  192.    cf .    California;  (Crotch). 

Podalirius  crotchii  Cockerell,  18986,  p.  54.  Pasco,  Wassington;  V; 
(Kincaid). 

Fowler,  1902,  p.  320.    Berkeley,  Caufornia;  V. 
Cockerell,  1904e  (1915),  p.  161.    Banning,  California;  (Davidson). 
Cockerell,   19066,  p.  277.     Yakima  and  N.  Yakima,  Washington;    V; 
(Jenne). 
Cockerell,  1916,  p.  28;i    Claremont,    California;  (Baker). 

curta  Provancher,  1895,  p.  173.     9  .    Los  Angeles,  California;  ((3oquil- 
lett). 
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Fowler,  1902,  p.  319.    Fresno,  Tulare,  and  Anaheim,  California;  V. 

CockereU,  1905a,  p.  272.  Alamosa,  Colorado;  VIII;  at  Cleome;  (John- 
son). 

A.  {Micranthoyhora)  curta  Cockerell,  1906,  pp.  66,  70,  100,  311.  Antx)nito, 
Colorado;  VIII;  (Ball).  Santa  F6,  Las  Vegas,  Embudo,  and  Mesilla  Val- 
ley, New  Mexico.    "Trarsition  to  Middle  Sonoran." 

Cockerell,  1907,  p.  396.  New  Mexico:  Alamogordo,  V,  and  Highrolls, 
VI,  (Viereck) ;  Las  Cruces,  V  and  VIII,  at  Dilhyrea  wislizeni  and  Wedelia 
incamata;  and  Mesilla  Park,  VIII  and  IX,  at  plum  flowers  and  Pedis  pap- 
posa.   San  Pedro,  California;  VII.    Juarez,  Mexico;  V. 

Cockerell,  1914a,  p.  424.  El  Paso,  Texas;  XI;  at  yellow  Composite; 
(Timberlake). 

Bray,  1917,  p.  93.    Claremont,  Caufornia;  IV;  at  Lotus  ghber. 

See  perUovKB  and  petrophila. 

damingensis  Lepeletier  ^^is  given  by  Smith  as  from  S.  Domingo,  but 
according  to  Dours  it  is  really  from  Senegar*  (Cockerell,  1906,  p. 
106). 
doursii.    See  tarsata. 

edwardsii  Cresson,  1878a,  p.  190.     9  ,  cf .    ('alifornia*  and  Nevada; 
(H.  Edwards). 

Fowler,  1902,  p.  320.    Berkeley  and  Ocean  View,  California;  V-X. 
Cockerell,  19066,  p.  277.    Yakima  and  N.  Yakima,  Waahington;  IV,  V; 
(Jenne). 
Bray,  1917,  p.  94.    Claremont,  California;  IV;  at  Phacelia  tanacaiifolia, 

elefas.    See  EmphoropsiH. 

eucyps.    See  simillima. 

ezigua  Cresson,  1879,  p.  211.     9  .    Nevada;  (  Morrison). 

PodcUirius  exiffua  Cockerell,  1897c,  p.  29.  Mesilla  Valley,  New  Mexico; 
3800  ft. 

Fowler,  1902,  p.  319.    Alhambra,  VI,  Fresno,  X,  Caufornia. 

A.  (Micranihophora)  exigua  Cockerell,  1906,  p.  100. 

fedorica  Cockerell,  1906,  pp.  69,  70.    &,    Fedor,  Texas;  IV;  (Birkman). 
flavifrons.    See  CerUris. 

flavocincta  Huard,  1897,  p.  25.     N.   n.   for   nigrocincta  Provancher, 
1895,  p.  172.    cf .    I^s  Angeles,  California;   (Coquillett). 

A.  maculifrons  Cockerell,  1905,  p.  15.    See  1906,  p.  71. 
A.  nigrocincta  Fowler,  1902,  p.  319.    Los  Angeles,  California. 
A.  {Micranthophora)  flm>ocincta  Cockerell,  1906,  p.  100. 
See  anstrutheri. 

flozip68  Cresson,  1879,  p.  211.     9  *,  cf .    Nevada;  (Morrison). 

Cockerell,  1905,  p.  13.  Strawberrv'  Valley,  southern  California; 
(Davidson). 

A.  (Micranthophora)  ftexipes  Cockerell,  1900,  pp.  66,  71,  100.  Bear 
Valley,  southern  California.      1906rf,  p.  443:    Florissant,  Colorado;  VII. 
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floridana.    See  Emphoropsis, 

footai  Crawford,  1914,  p.  131.    c?,  9.    Dominica;  (Foote). 
forbesi  Coekerell,  1907a,  p.  354.     9.    Maricopa,  Arizona;    (Forbes). 
1907rf,  p.  539;  Prof.  R.  H.  Forbes  found  a  c?  Bombomelecta  arizonim 
Coekerell  in  a  cell  of  this  sj^ecies  at  Tuscon,  Arizona;  IV. 
frontmtaSay,  1837,  p.  409.    c?.    Louisiana;  (Barabino). 
fvlvifrons.    See  Entechnia. 

fumipennis  Swenk,  1909,  p.  391.     9  .    Cass  County,  Nebraska. 
furcata.    See  Clisodon  ierminalis, 

fuscipennis  Smith,  1854,  p.  338.     9  .    North  America;  (Smith). 
globosa.    See  Examalopsis, 

godofredi  Sichel  MS.,   Dours,  1869,  p.  119.      9,  c?.     St.  Vincent. 
fohrmans  Coekerell,  1903,  p.  454.    cf .    Las  Vegas,  New  Mexico;  V; 
at  Ribes  langiflorum  but  tongue  too  short  to  suck;   (Anna  Gohr- 
man). 

Coekerell,  1905,  p.  30,  and  1905a,  p.  81.     Los  Angeles,  Caufornu; 
(Davidson). 

Coekerell,    1905d,  p.  60.       Denver,    Montrose,    and    Grand   Junction, 
Colorado;   V. 

hcemorrhoidalis.    See  Centris, 

hilaris  Smith,  1879,  p.  123.     9  .    Santo  Domingo. 

histrio  Dours,  1869,  p.  190.    cf .    Mexico. 

fiolopyrrha.    See  Xenoglossa  fulva. 

ignava  Cresson,  1879,  p.  210.     9  ,  cf.    Nevada;  (Morrison). 

See  pacifica  Cresson.     Fowler,  1902,  p.  320. 

Viereck,  et  a/.,   1906,  p.  314.     Corvalis,  Oregon;    V,  VI;    (Cordley). 
California. 

Coekerell,  1906,  p.  99.    ?  9  oi  pacifica. 

Coekerell,  19066,  p.  277.    N.  Yakima,  Wadhington;  V;  (Jenne). 

Coekerell,  19 14d,  p.  365.    Portola,  California;  III;  (Newcomer). 

infenuOiB  Dalla  Torre,  1896,  p.  273.  (Podalirius)  N.  n.  for  A.  carhonarin 
Cresson,  1879,  p.  210.     9  .    Nevada;  (Morrison). 

A.  corvicolor  Coekerell,  1905a,  p.  81.     9.    Laurel  Can3ron,  Californw: 
V;  (Davidson).    Coekerell,  1906,  p.  65,  gives  the  synonomy. 
Coekerell,  1916,  p.  283.    Claremont,  California;  (Baker). 
See  Emphoropsis  iristissima. 

insularu.    See  solilaria, 

interspersa.    See  peritamae  inter nperm. 

knigii  Cresson,  1878a,  p.  188.     9  ,  d'.    Porto  Rico;  (Krug). 

lesquerellsB  Coekerell,  1897,  p.  399.     {Podalirius)   c?.  Little  Mountain 

and  College  Farm,  Mesilla  Valley,  New  Mexico;  IV;  at  Lesquerelh 

fendleri  and  Lycium;  (Jessie  Casad). 
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Anthophora  lesquereUce  Cockerell,  1896,  p.  197.  cT,  9  .  Messilla  Valley, 
New  Mexico;  IV;  at  Lycium  and  cherry. 

Cockerell,  1899(2,  p.  256.  Dripping  Springs,  Organ  Mountains,  New 
Mexico;  IV;  at  Ungnadia  speciosa. 

Cockerell,  1906,  p.  311.    "Middle  Sonoran." 

CockereU,  1911a,  p.  238.  Albuquerque,  New  Mexicx);  at  Astragalus; 
(J.  R.  Watson). 

luteodimidiata  Dours,  1869,  p.  192.    9  .   Mexico. 

xnacuUfronB  Cresson,  1879,  p.  210.     9  *,  cT.    Nevada;  (Morrison). 

Fox,  1893,  pp.  21,  118.  San  Jos^  de  Cabo,  Lower  California,  Mexico; 
VII,  X;  (Eisen). 

Townsend,  1896,  p.  111.    Las  Cruces,  New  Mexico. 

Cockerell,  1898a,  p.  69.  Mesilla  Valley,  Santa  F^,  and  Embudo,  New 
Mexico.  1898/,  pp.  313  and  314;  at  Biglovia  [Chrysothamnus]  and  Heli- 
anthus  annuus. 

Fowler,  1902,  p.  319.    Alhambra  and  Redlands,  California;  VI. 

Cockerell,  1901a,  p.  131.  Las  Vegas,  New  Mexico;  VII,  VIII;  at 
Sphceralcea  lobataf  Lycium  wlgarey  Grinddia  squarrosaj  and  Verbena  mac- 
dougali;  (Porter,  Mize). 

Cockerell,  1901c,  p.  42.    Mesilla  Park,  New  Mexico;  IV;  at  Prunus. 

A.  (Micrantkophora)  macvlifrons  Cockerell,  1906,  p.  100. 

See  ftavodncta  and  petrophUa. 

marginata  Smith,  1854,  p.  339.     9  .    Mexico. 

Dours,  1869,  p.  150.    cf  (?);  see  Cockerell,  1906,  p.  65. 

Cresson,  1869,  p.  290.    Orizaba,  Mexico;  (Sumichrast). 

PodaUrius  cleomis  Cockerell,  1896,  p.  193.  d".  Santa  F6,  New  Mexico; 
VIII;  a,t  Cleome  serrulala.    At  7000  ft. 

A.  cleomis  Cockerell,  1898a,  p.  68. 

A.  (AmegiUa)  cleomis  Cockerell,  1901a,  p.  131.  Las  Vegas,  New  Mexico; 
VII,  VIII;  at  Sphceralcea  lohaia,  Sidal^a  neomexicanay  Lycium  vulgare^ 
Verbena  macdougcUi,  Salvia  lanceolatay  and  Cleome  semdata.  Rociada,  New 
Mexico. 

Cockerell,  1901c,  p.  39.  Las  Cruces,  New  Mexico;  VIII:  at  Wedelia 
incarnata;  (Townsend). 

A.  cleomis  Cockerell,  1904,  p.  8.   Pecos,  New  Mexico;  VIII. 

Cockerell,  1905c,  p.  331.    Notes  on  type. 

A.  {AmegiUa)  cleomis  Viereck,  1906,  p.  237.  Oak  Creek  Canyon,  Arizona; 
VII,  VIII;  (Snow). 

Cockerell,  1906,  pp.  65,  99,  311.  At  Periioma.  "Transition  to  Upper 
Sonoran." 

Cockerell,  1912,  p.  106.    Guatemala  City,  Guatemala;  XII;   (Wheeler). 

Cockerell,  1914a,  p.  281.    Rito  de  los  Frijoles,  Mexico;  VIII. 

melanopyrrha.    See  Emphoropsis. 

melfordi  Cockerell,  1908,  p.  323.    Fossil  in  Miocene  Shales,  Station  13  B, 

Florissant,  Colorado;  (Smith).    1908rf,  p.  575.    Fijrnre. 
mezicana  Dours,  1869,  p.  133.    9,6".    Mexico. 
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miserahilis.    See  Emphoropsis. 

modesta  Smith  is  from  St.  Vincent,  Cape  Verde  Is.,  not  W.  I.  as  in  Ash- 
mead,  1900. 
montana  Crcsson,  1869,  p.  290.    9  .    Colorado;  (J.  Ridings). 

Townsend,  1896,  p.  111.    La  Vega  de  San  Jos^,  New  Mexico;  VIII. 
Podalirius  monlanus  Cockerell,  1897c,  p.  22.    Mesilla  Valley,  New  Mexico. 
Birkman,  1899,  p.  245.    Fedor,  Lee  County,  Texas. 

^l.  (Amegilla)  montana  Cockerell,  1901a,  p.  131.    Las  Vegas,  New  Mexicx>; 
VII;  at  Lycium  vulgare  and  Cleome  serrulaJta;  (Porter,  Winters,  Garlick). 
Cockerell,  1904,  p.  8.    Pecos,  New  Mexico;  at  Salvia  lanceolata. 
Cockerell,  1905rf,  p.  60.    cf .    Denver  (VII),  Fort  Collins,  Livermore,  and 
near  Horsetooth  Mountain,  Colorado;  at  larkspur. 

Cockerell,  1906,  p  311.  Organ  Mountains,  New  Mexico.  "Upper 
Sonoran." 

morrisoni.    See  Emphoropsfs. 

mucida.    See  Emphoropsis. 

nebracensis  Swenk,   1909,  p.  390.      9 .     Warbonnet  Canyon,  Sioux 

County.  Nebraska;  VII;  Rt  Monarda  fistulosa;  (Carriker). 
neomexicana.    See  bomboides  neomexicana. 
nigrocincta.    See  flavocinda. 
nvbiterrce.    See  Clisodon  terminalis. 
n^vdata.    See  bidentata. 

occidentalis  Cresson,  1869,  p.  292.     9*,  (f.    Colorado;   (Ridings). 
Putnam,  1876,  p.  195.    Spring  Lake  Villa,  Utah  County,  Utah. 
Cresson,  1876,  p.  210.    Boulder,  Colorado;  (Putnam). 
Cresson,  1879,  p.  227.    Texas  (?  misprint  for  Utah). 
TowEsend,  1896,  p.  HI.    La  Vega  de  San  Josd,  New  Mexico;  VIII. 
Podalirius  occidentalis  Cockerell,  1897c,  p.  20.    Santa  F6,  New  Mexicxj; 
7000  ft. ;  (1898/,  p.  79)  sleeping  in  closed  flowers  of  Argemone  platyceras, 

Podalirius  occidentalis  Cockerell,  1899,  p.  156.  Mescalero  Indian  Agency, 
Tularosa  Creek,  New  Mexico;  VII;  (C.  M.  Barber).  Mekcta  miranda  Fox, 
probably  inquilire. 

Tucker,  1909,  p.  278.    Colorado  Springs,  Colorado;  VIII. 
Cockerelly  1900a,  p.  408.     Las  Vegas,  New  Mexico;    VII;    at  Cnicus 
ochrocentruSf  Cleome  serrulata,  and  Convolvulus  sepium;  (W.  Porter). 
Johrson,  1903,  p.  290.    Nests;  Agenia  architecta  builds  in  them. 
Cockerell,  1906,  pp.  68, 70, 99, 31 1.  Maybell  (VIII)  and  Parker,  Colorado; 
(S.  A.  Johnson).    Pecos,  New  Mexico.     "Transition  to  Upper  Sonoran." 
At  Carduu^  and  Peritoma, 

Wellman,  1911,  p.  17.  Gove  County,  Kansas;  2813  ft.;  V;  nest  con- 
tained Hornia  gigarUea.  See  also  Entomological  News,  XXII,  p.  132; 
XXIII,  p.  259;  and  XXV,  p.  1. 

Stevens,  1919,  p.  210.  Williston,  North  Dakota. 
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pacifica  Cresson,  1878a,  p.  190.    c?.    California;  (H.  Edwards). 

Fowler,  1902,  p.  320.  Berkeley,  California;  I-V.  Says  ignava  Cresson 
is  a  synonym. 

Cockerell,  1906,  pp.  68,  99.    Nevada. 

Bray,  1917,  p.  93.  Mountains  near  Claremont,  California;  IV;  atLofwj? 
gktber. 

peritoxnsB  Cockerell,  1905a,  p.  272.  (A.  curia  peritomas)  cT.  Alamosa, 
Colorado;  VIII;  at  Cleome  (  =  Pentoma);  (S.  A.  Johnson). 
Santa  Fe,  VIII,  at  Perilxyma  serrulaiaunty  Mesilla,  IX,  at  Isocoma 
vrrighiii^  and  Las  Cruces, VIII,  at  Solidago  canadensis,  New  Mexico. 

A .  (Micranihophora)  curia  peritomoe  Cockerell,  1906,  pp.  100, 311.  "  Transi- 
tion to  Middle  Sonoran." 

Cockerell,  1907,  p.  397.  9.  Las  Cruces,  IX,  at  Helianihus  &nnMw«, 
Pecos,  VII,  San  Ignacio,  IX,  Embudo,  IX,  at  Chrysothamniis,  Rociada,  VIII, 
and  Santa  Fd,  VIII,  at  ChrysopHsy  New  Mexico. 

peritoms  intenpena  Cockerell,  1907,  p.  397.  cT.  Alamosa*,  Colorado; 
VIII;  at  Cleome  (^Peritoma);  (S.  A.  Johnson);  see  Cockerell, 
1905a,  p.  272,  A.  curta.  Rociada,  VIII,  at  Grindelia  nuda^  Santa 
F^,  VII,  and  Las  Cruces,  VIII,  at  Solidago  canadensis  j^ew  Mexico, 

p6ritom»  tinctula  Cockerell,  1907,  p.  397.  9  * :  Rociada,  New  Mexico; 
VIII;  a.i  Grindelia  niida,  cf:  Santa  F6,  New  Mexico;  VIII;  at 
Pertioma  serridatum.  Las  Vegas,  New  Mexico;  VII  and  VIII; 
at  Verbesina  exauriculata  and  Grindelia  nuda. 

pemigra  Cresson,  1879,  p.  210.     9.    Nevada;  (Morrison). 
petrophila  Cockerell,  1905,  pp.  13,  15.  {A,  curia  petrophila)   9.   Rock 
Creek,  California;   (Davidson). 

A.  (Micranthophora)  petrophila  Cockerell,  1906,  p.  100. 
Cockerell,  1907,  p.  395.     9  .    Los  Angeles,  California;  (Davidson),    cf . 
Alamogordo,  New  Mexico;  V. 

phenaz  Cockerell,  1898e,  p.  146.  {Podalirius)  College  Farm,  Mesilla 
Park,  New  Mexico;  IV;  at  plum. 

Podaliriua  phenax  Cockerell,  1898a,  p.  69.  </",  9  .  Mesilla  Valley,  New 
Mexico;  IV;  (C.M.Barber). 

A.  (Micranthophora)  phenax  Cockerell,  1900,  pp.  100,  311.  "Middle 
Sonoran." 

pluto  Dours,  1869,  p.  95.     9  .    Mexico. 
Habropoda  pluto  Patton,  1879,  p.  479. 

portera  Cockerell,  1900a,  p.  407.  cT,  9  .  Romeroville,  New  Mexico; 
IV;  at  wild  gooseberry;  (W.Porter).  Mojave  Desert,  California; 
(Ehrhorn). 
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Cockerell,  1905d,  p.  60.  Golden  and  Montrose,  Colorado;  V;  (S.  A. 
Johnson). 

Cockerell,  1900,  pp.  68,  70,  99,  311.  Fort  Collins,  Coloiiado;  VI;  at 
"yellow  sweet  clover";  (S.  A.  Johnson).  Las  Vegas  and  Engle,  New- 
Mexico;  &tRibes,    **  Upper  Sonoran." 

Cockerell,  1911a,  p.  238.  Albuquerque,  New  Mexico;  IV;  at  cherry 
blossoms;  (J.  R.  Watson). 

portero  semiflaYa  Cockerell,  1905/,  p.  183.    (f.   Fort  Collins,  Colorado ; 
V;   (Johnson). 

portera  watsoni  C'ockerell,   1911a,  p.  238.    d^.     Albuquerque,  New 
Mexico;  aiPhaceliacorrrigaia;  (J.R.Watson). 

pulsella  Dours,  1869,  p.  190.     9  .    Mexico. 

pygmea  Dours,  1869,  p.  151.    cf.    Mexico. 

pyralitanb  Dours,  1869,  p.  160.    (f.   New  York. 

quinquefasciata  Provancher,  1895,  p.  172.     cT.     Ix)s  Angeles,  Cali- 
fornia ;    (Coquillett ) . 
Fowler,  1902,  p.  319. 

rufozonata  Dours,  1869,  pp.  49  and  112.    d^.    Mexico. 
scutellaris  Swenk,   1909,   p.  391.      9.     Sioux  County,*  Nebraska; 
(L.  Brunner).     Warbonnet  Canyon,  Sioux  County,  Nebraska; 
VI;    (J.  C.  Crawford).     The  type  is  the  specimen  referred  to  by 
Cockerell,  1900a,  p.  409,  as  bombaides  var. 
semiflava .    See  porterce  semiflava . 
aimiliima  Cresson,  1878a,  p.  189.    cf.    Colorado;  (Morrison). 

A.  euops  Cockerell,  1903,  p.  451.  cf .  Placita,  New  Mexico;  V;  at 
Ribes  longiflorum  and  wild  plum. 

A.  euops  Cockerell,  1904,  p.  234.  Colorado  Springs,  at  Ribes  longiflorum, 
Manitou,  IV,  at  Ribes  Uptanthum^  and  Colorado  City,  V,  at  Thermopsis 
arenosa  and  Ribes  loTigiflorumf  Colorado. 

Cockerell,  1904a,  p.  24.  Prospect  Lake,  Colorado  Springs,  Colorado; 
V;  -at  AragaUits  lamberti. 

Cockerell,  1905cf,  p.  60.  Palisade,  Fort  Collins,  and  Denver,  Colorado; 
V. 

Cockerell,  1906,  pp.  68,  69,  99.  Boulder,  Colorado;  IV;  at  Ribes  cereum^ 
AragaUuSf  and  Viola  nutiallii.    Nevada. 

Cockerell,  1906d,  p.  443.  Florissant,  Teller  County,  Colorado;  VI, 
VII;  at  Pentstemon. 

Cockerell,  19066,  p.  277.    N.  Yakima,  Washingtoxn;  V;  (Jenne). 
Bray,  1917,  p.  94.    Claremont,  Caufornia;  IV;  at  Lotus  glaber. 
Cockerell,  1919rf,  p.  358.    Minnehaha,  Pikes  Peak,  Colorado;    (tYances 
Long). 

smithii  Cresson,  1869,  p.  289.     cf  *,  9  .    Colorado*,  (J.  Ridinia^s),  and 
^^Daeota  Territoiy,'^  (H.  Ulke). 
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Cresson,  1872,  p.  282.    Bosque  County  (?),  Texas;  (Belf rage). 

Cresson,  1879,  p.  227.    New  Mexico. 

Anihophora  walshii  Townsend,  1896,  p.  111.  La  Vega  San  Jos6,  New 
Mexico;  VIII. 

Podalirius  cardui  Cockerell,  1897a,  p.  155.  cT.  About  6000  ft..  Lone 
Mountain,  near  Silver  City,  New  Mexico;  VII;  at  Cnicus. 

Podalirius  walshii  Cockerell,  1897c,  p.  22. 

Anihophora  cardui  Cockerell,  1898o,  p.  98. 

Podalirius  cardui  Cockerell,  1899,  p.  156.  Mescalero  Indian  Agency, 
Tularosa  Creek,  New  Mexico;  VII;  (C.  M.  Barber). 

Podalirius  smithii  Birknmn,  1899,  p.  245.    Fedor,  Lee  County,  Texas. 

Anihophora  (AmegiUa)  cardui  Cockerell,  1901a,  p.  131.  Las  Vegas,  New 
Mexico;  VII,  VIII;  at  Cleome  serrulala,  Petaloslemon  oligiphyllusy  and 
Verbena  macdougali;   (Porter). 

A.  smithii  and  ^4.  s.  cardui  Cockerell,  1906,  pp.  70,  99,  311.  Top  of  Las 
Vegas  Range,  Beulah,  and  Las  Vegas  Hot  Springs,  New  Mexico.  Denver, 
Colorado;  VII;  (S.  A.  Johnson).  "Hudsonian  to  Upper  Sonoran."  At 
Carduus. 

Tucker,  1909,  p.  278.    Colorado  Springs,  Colorado;  VIII. 

Cockerell,  1915,  p.  268.  Ward,  Colorado;  9200  ft.;  VIII;  at  Grindelia 
subalpina. 

Cockerell,  19196,  p.  293.  Longs  Peak  Inn,  Colorado.  Differences  between 
smithii  and  the  form  cardui. 

Cockerell,  1919c,  p.  27,  272.  Boulder,  Colorado;  X;  at  Salvia  pitcheri. 
Gold  HiU,  Colorado;  8600  ft.;  VIL 

Cockerell,  1919d,  p.  358.  Minnehaha,  Pikes  Peak,  Colorado;  (Frances 
Long). 

sodaliB  Cresson,  1879,  p.  212.    cf .    Nevada;  (Morrison). 

Cockerell,  19066,  p.  277.    N.  Yakima,  Washington;  V;  (Jenne). 

solitaria  Ritsema,  1880,  p.  xcviii.    New  name  for  insularis  Smith.     9  . 
Vancouver  Island,  British  Columbia. 

Fowler,  1902,  p.  320.  Santa  Catalina  Island  amd  San  Bernardino,  Cali- 
fornia; VI. 

(Not  solUaria  ''Cockerell "  as  in  Viereck  el  al.,  1905,  p.  314.  See  Cockerell, 
1906,  p.  67.) 

sponsa.    See  abrupia. 

squammulosa  Sichel  MS.,  Dours,  1869,  p.  78.     9  ,  d^.    Mexico. 
stanfordiana  Cockerell,  1904c,   p.  32.      9,  cT.     Stanford  University, 
California;  V;   (W.  G.  Johnson).    Nests. 

Viereck  et  al.,  1905,  p.  314.    Corvallis,  Oregon;  III,  V,  VI;  (Cordley). 

Kellogg,  1908,  p.  516.    Description  of  nesl. 

Bray,  1917,  p.  93.    Claremont,  Caufornia;  V;  at  Amsinckia  intermedia. 

subglobulosa  Provancher,  1888,  p.  297.     cf .    Cap  Rouge,  Canada. 
snbtarsata.    See  tarsata  subtarsata. 
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tarsata  Sichel  MS.,  Dours,  1869,  p.  147.     9 ,  d^.    Mexico. 
Podalirius  doursii  Dalla  Torre,  1896,  p.  265. 

tarsata  subtarsata  Cockerell,   1904e,  p.  88.      9,   d^.      Los    Angeles. 
California;  (Davidson). 
Cockerell,  1905,  p.  335. 

taurea.    See  Entechnia, 
terminalis.    See  CUsodon. 

texana  Cresson,  1872,  p.  282.     9  .    Bosque  County  (?);  Texas;   (Bel- 
frage). 

Podalirius  califomicus  Cockerell,  18976,  p.  154.  cf.  Demlng,  New 
Mexico;  VII;  at  Ccesalpinia  falcaria.  1897c,  p.  29:  Mesilla  Valley,  New 
Mexico;  3800  ft.;  VIII;  &tCevallia. 

Cockerell,  1905c,  p.  335.  cf .  Fedor,  Texas;  VI;  (Birkman.  See  Birk- 
man,  1899,  p.  245).    Arizona;  (Snow). 

Cockerell,   1906,  pp.  65,  66,   100,  311.     At  Hoffmannseggia.     "Middle 
Sonoran." 
Cockerell,  1919,  p.  183.    Federal  District,  Mexico;  (Inda). 

trindvla.    See  peritomas  tinctida, 

tricolor  Fabricius,  Vllb,  p.  377.    {Andrena)    America. 

Megilla  tricolor  Fabricius,  1804,  p.  329. 

Lepeletier,  1825,  p.  797. 

Smith,  1854,  p.  343.    South  America — doubtful. 

Cresson,  1869,  p.  292.    "Guadaloupe."    Haiti;  (Uhler). 

Gribodo,  1893,  p.  391.    St.  Thomas. 

Ashmead,  1900,  p.  300.    Porto  Rico.    Central  America. 

unistrigata  Dours,  1869,  p.  192.     9  .    Mexico. 

urbana  Cresson,  1878a,  p.  188.     9*,  cT.    Utah*.    Colorado.    Cali- 
fornia. 

Podalirius  alamosanus  Cockerell,  1896,  p.  195.  9 .  Canyada  Alamosa, 
New  Mexico;  VI;  (Townsend). 

Cockei^ll,  1897,  p.  400.    Las  Cruces,  New  Mexico;  VII;  at  Solanum. 

P.  u.  alamosana  Cockerell,  1898a,  pp.  69,  73.  Albuquerque  and  western 
base  of  Organ  Mountains,  New  Mexico;  IX;  at  Cleome  serrukUa.  See  also 
1898/,  p.  311. 

A.  (AmegiUa)  u.  alamosana  Cockerell,  1901a,  p.  131.  Lau  Vegas,  New 
Mexico;  VI,  VII;  at  alfalfa  and  Lycium  vulgare;  (Porter). 

Cockerell,  1901,  p.  297.    San  Pedro,  California;  VII. 

Fowler,  1902,  p.  320.  Fresno,  Tulare,  Santa  Ana,  and  Berkeley,  Cali- 
fornia; V-X. 

A.  u.  alamosana  Cockerell,  1904,  p.  234.   Blue  River,  Arizona;  (Davidson). 

CJockerell,  1905,  p.  31.  Bear  Valley,  Tehachapi,  Redondo  (Davdiaon)  and 
Los  Angeles,  California.  The  second  A.  urbana  on  p.  31  should  be  Synha- 
Umia  \Tetralonia]  acerha  (Cresson). 
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Viereck,  1900,  p.  237.    Oak  Creek  Canyon,  Arizona;  VII,  VIII;  (Snow). 
A.  u  alamosana  Cockerell,  1906,  p.  100.    At  Lycium. 
Cockerell,  1900,  pp.  68,  70,  100,  311.    Fort  Collins,  Colorado;   VI;  on 
yellow  sweet  clover;  (S.A.Johnson).    Nevada.  "Upper  Sonoran." 
Cockerell,  19066,  p.  277.    N.  Yakima,  Washington;  VI;  (Jenne). 
Cockerell,  1916,  p.  283.    Claremont,  Caufornia;  (Baker). 
Cockerell,  19166,  p.  55.   Coronado  Islands,  Mexico;  VIII. 
Bray,  1917,  p.  93.   Claremont,  California;  IV;  at  cactus  and  poppy. 
Cockerell,  1920,  p., 113.    Santa  F^,  New  Mexico. 
See  Tetralonia  acerba. 

tinina  Cresson,  1869,  p.  291.    <f.    West  Virginia;  (Ridings). 

Cresson,  1879,  p.  227.    North  Carouna. 

Robertson,  1891o,  pp.  580,  589.   At  Mertemia  virginica  and  CoUinsia  vema. 

Robertson,  1896,  pp.  160,  162.  Carlinville,  Ilunois;  at  /Escuhis  glabra- 
and  Astragalus  mexicanus. 

Podalirius  ursinus  Cockerell,  1897c,  p.  22.  Organ  Mountains,  and  Vega 
San  Jos^,  New  Mexico. 

Robertson,  1898a,  p.  242.    At  Lonicera  stUlivantii. 

Cockerell,  1914a,  p.  281.    Garrison,  New  York;  (Cattell). 

usticauda  Cockerell,  19126,  p.  22.    9  .    Antigua  and  Amatitlan,  Guate- 
mala; II;   (W.  P.  Cockerell).    Subgenus  MicrarUhophora. 
vallorum.    See  Anthophoroides. 
versicolor.    See  CerUris. 
vierecki.    See  centriformis  vierecki, 
YOlucellflBformiB  Dours,  1869,  p.  189.    9  .    Mexico. 
walshii  Cresson,  1869,  p.  290.    d^*,  9  .    Illinois;  (Walsh). 

Robertson,  1898a,  p.  230.  (?)  Carlinville,  Illinois;  at  Lespedeza  reticulata 
and,  1899,  p.  36,  at  Cassia  chanuBcrista. 

AmegiUa  vxUshii  Robertson,  1905,  p.  372. 

Cockerell,  1906,  pp.  65,  66,  70,  100.  Fedor,  Texas;  (Birkman).  At 
Cassia. 

Grsenicher,  1907,  p.  26.     9 .    Wisconsin;  at  AUium  cemuum. 

Cockerell,  1909,  p.  26.    Malcolm,  Nebraska;  IX;  &t  Salvia. 

Grsenicher,  1911,  p.  248.  Mouth  of  Yellow  River,  Burnett  County,  Wis- 
consin; VII  or  VIII;  at  Rudbeckia  hirta. 

See  smilhii. 

washingtoni  Cockerell,  Viereck  et  at.,  1905,  p.  313.     9  .    Pasco,  Wash- 
ington; V;  (Kincaid). 

Cockerell,  19066,  p.  277.    N.  Yakima,  Washington;  V;  (Jenne). 
Cockerell,  1916,  p.  283.    Claremont,  California;  (Baker). 

watsonia.    See  porterce  watsoni. 
wilUngi.    See  bomboides  mllingi. 
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Akthophoudu  Cockerell,  T.  D.  A.  and  W.  P.,  1901,  p.  48 
(Type:  Podalirius  mllorum  Cockerell) 
Yallonun  Cockerell,  1896,  p.  195.    (Podalirius)    d^,  9  .    Mesilla  and  Las 
Cruees,  New  Mexico;    VI,  VIII;   at  Solarium  ^IcBognifolium  and 
Ipomcea. 

Podalirim  vallorum  Cockerell,  1898/,  p.  314.  Mesilla  Park,  New  Mexico; 
at  Marlynia  and  ChUopsis. 

Anlhophora  vaUorum  Cockerell,  19006,  p.  218.  Juarez,  Mexico;  X:  at 
Ipom€ta  jnexicana. 

CockereU,  T,  D.  A.  and  W.  P.,  1901,  p.  48. 

Cockerell,  1906,  p.  100.    At  Solanum  and  Ipomcea. 

Anthophorula  Cockerell 
See  Exomalopsifi. 
i 

CLI80D0N  Patton,  1879,  p.  479 
(Type:  Anlhophora  terminalis  Cresson) 
Podalirius  (Clisodon)  Dalla  Torre,  1896,  p.  252. 
neof  areata.    See  terminalis  neof  areata. 

syringSB  Cockerell,  18986,  p.  54.    (Podalirim).    (f.    Olympia,  Washing- 
ton; VII;  at  Syringa;  (Kincaid). 
Cockerell,  1906,  p.  100. 

terminalis  Cresson,  1869,  p.  292.     (Anlhophora)    9*,  cf.   Colorado.* 
Delaware.    Connecticut.    Massachusetts.    Canada. 

Anlhophora  terminalis  Cresson,  1876,  p.  210.  Empire,  Colorado.  Spring 
Lake,  Utah.    (Putnam). 

Patton,  1879,  p.  479. 

Evans,  1896,  p.  13.    Sudburv ,  Ontario. 

Cockerell,  1897c,  p.  19.  Monument  Rock,  Santa  ¥6  Canyon,  New 
Mexico;  8000  ft. 

Cockerell,  1899,  p.  156.  Mescalero  Indian  Agency,  Tularosa  Creek,  New 
Mexico;  Vll;  (C.M.Barber). 

Cockerell,  1901a,  p.  131.  Beulah,  Harvey's  Ranch,  and  Sapello  Canyon, 
New  Mexico;  VIII;  &i  Polemonium;  (Porter). 

Viereck,  1902,  p.  46.    Crew's  Mesa  above  Beulah,  New  Mexico;  VI. 

Anlhophora  nubiterrw  Viereck,  1902,  p.  46.  cf.  Beulah,  New  Mexico; 
(W.  P.  Cockerell). 

Cockerell,  1903a,  p.  891.  Truchas  Peaks,  New  Mexico;  above  timber  line; 
at  thistle. 

Lovell  and  Cockerell,  1906,  p.  112.  Waldoboro,  Maine;  at  Pontederia 
cordata. 

Cockerell,  1906,  pp.  72,  100,  311.  Steamboat  Springs,  Colorado;  VIII: 
(S.  A.  Johnson) .  "  Arctic- Alpine  to  Upper  Sonoran."  Pecos,  and  Cloudcroft , 
New  Mexico. 
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Cockerell,  1906d,  p.  443.  Florissant,  Teller  County,  Colorado;  VII;  at 
Pentstemon,  Merlensia,  and  Linum  leicisii. 

Viereck,  1906,  p.  238.    Oak  Creek  Canyon,  Arizona;  VII;  (F.  H.  Snow). 

Gwenicher,  1907,  pp.  24  and  26.  9.  Wisconsin;  at  AUium  canadense 
and  cemuum. 

Tucker,  1909,  p.  278.    Tabernash,  Colorado;    VIII. 

Anthophora  tenninalis  Smith,  1910,  p.  694.    Riverton,  New  Jersey;  IX. 

Gitenicher,  1911,  p.  248.  Solon  Springs  and  Gordon  in  Douglas  County, 
the  mouth  of  the  Nemakagon  River,  Swiss,  the  mouth  of  the  Yellow  River, 
Kettle  River  Rapids,  and  Randall  in  Burnett  County,  Maiden  Rock  in  Pierce 
County,  and  Fountain  City  in  Buffalo  County,  Wisconsin;  VII,  VIII. 

Crawford,  1913,  p.  270.    Nerepis,  New  Brunswick;  VIII. 

Cockerell,  1915,  p.  269.  Bikerdike  Ranch,  near  Allen's  Park,  Colorado; 
VIII;  a.t  Geniiana  affinis. 

Anihophora  (Clisodov)  temiinalis  Viereck,  1916,  p.  737.  Mt.  Carmel, 
Connecticut;  VIII. 

Sladen,  1918,  p.  302.  Ottawa,  Canada;  at  alfalfa;  suggests  that  it  is 
Anthophora  furcata  of  Europe. 

Cockerell,  1916c,  p.  6.  Floodwood,  Schoolcraft  County,  and  Whitefish 
Point,  Chippewa  County,  Michigan;  VII;  (Gaige,  Andrews). 

Anthophora  (Clisodon)  terminalis  Washbimi,  1919,  p.  231.  Itasca  Park, 
Minnesota;  VIII;  slI  Aster. 

Sladen,  1919,  p.  125.  Hull,  Quebec.  Cochrane,  Ontario.  Edmonton, 
Alberta.  Agassiz,  Shawnigan  Lake  and  Victoria,  Vancouver  Island,  British 
Columbia.  At  Stachyspalustris.  Nests  in  wood.  Same  as  Euorpean  Antho- 
phora fttrcata. 

Cockerell,  19196,  p.  293.    Ix)ngs  Peak  Inn  and  Twin  Sisters,  Colorado. 

termlnallB  neofurcata  Sladen,  1919,  p.  125.    9 .   Agassiz,  Shawnigan 
Lake  and  Victoria,  Vancouver  Island,  British  Columbia. 

DA8IAPI8  Cockerell,  1903,  p.  450 
(Type  Dasiapis  ochracea  Cockerell) 
ochracea  Cockerell,  1903,  p.  450.     d".     Las  Cruces*  and  Santa  F^, 
New  Mexico;  VIII;  at  Sphceralcea  fendleri  lohata.    Has  been  con- 
fused with  Diadasia  enavata. 

Cockerell,  1906,  pp.  74,  100,  310.  Soledad  Caynon,  Organ  Mountains, 
New  Mexico.    Oak  Creek  Canyon,  Arizona;  (Snow). 
Cockerell,  19066,  p.  281.    N.  Yakima,  Washington;  VI;  (Jenne). 

olivacea  Cresson,   1878o,   p.   216.     (Melissod^s)    9*,    cf.      Mexico; 
(Sumichrast). 

Eucera  olivacea  Dalla  Torre,  1896,  p.  242. 
Cockerell,  1905,  p.  15.    California. 
Cockerell,  1906a,  p.  74.    Brownsville,  Texas;  VI;  (Snow). 
Melissodes  olivacea  Smith,  1910,  p.  693.      Camden  County,  New  Jersey; 
(Fox).    This  record  is  probably  wrong. 
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tropicalis  Cockerell,  19186,  p.  27.  9 .  Pueblo  Viejo,  Vera  Cruz,  Mexico; 
XII;   (Bishopp). 

DiADABiA  Patton,  1879,  p.  475 
(Type:    Melissodes  enavata  Cresson) 

Dalla  Torre,  1896,  p.  222,  made  it  a  subgenus  of  Eucera.  Ashmead, 
1899,  p.  64,  made  it  a  synonym  of  Ancyloscelis  Latreille,  1825,  p.  363; 
in  this  connection,  see  Cockerell,  19176,  p.  304.  Cockerell,  19056,  pp. 
741-745,  reviewed  the  genus. 

aflMcta  Cresson,  1878a,  p.  217.    (Melissodes)  9*,  cf.  Texas.  (Belfrage, 
Heiligbrodt). 

Diadasia  tricinda  Provancher,  1896,  p.  28.     9  .    Los  Angeles,  Caufornia, 
(Coquillett). 
Melissodes  afflida  Birkman,  1899,  p.  245.    Fedor,  Lee  County,  Texas. 
Cockerell,  1904a,  p.  22. 
Cockerell,  19146,  p.  410.    Falfurrias,  Texas;  V;  &tHelianthus;  (Morgan). 

sfBicta  perafflicto  Cockerell,  19056,  p.  744.    d^  ( 9  like  afflida),  Clark 
(Alt.  1962  ft.),  Hamilton  (3350  ft.),  and  Wallace  (3000  ft.)  counties, 
Kansas. 
afflictula  Cockerell,  1910,  p.  366.    Mesilla,  New  Mexico;  V. 
alboresta  Fowler,  1902,  p.  321.    Misprint  for  albovesiita, 
albovettita  Provancher,  1896,  p.  27.     9 .     Los  Angeles,  California; 

(Coquillett). 
apacha.    See  diminuta. 
arctos.    See  enavata. 

auBtralis  Cresson,  1878a,  p.  214.      (Melissodes)   9*,  cf.    Colorado*; 
(Ridings,  Morrison).    Texas;   (Belfrage). 
Patton,  1879,  p.  476. 

Cockerell,  1893,  p.  338.    Near  Swift  Creek,  Custer  County,  Colorado. 
Cockerell,  1898c,  p.  193,    Santa  F6  Canyon,  New  Mbxico;  7700  ft.;  VI; 
at  Opuntia  arborescens.    Whitewater,  Grant  County,  New  Mexico;  VII. 

Viereck,  19036,  p.  728.    San  Bernardino,  California;  VII;  &t  Hdianthus; 
(Cockerell). 
Cockerell,  190.56,  p.  745.    Wallace  and  Morton  Counties,  Kansas;  (Snow). 
Cockerell,  1906,  pp.  73,  100,  310.    Fedor,  Texas;  (Birkman). 
Cockerell,  19146,  p.  410.    Falfurrias,  Texas;  V;  &t  Helianthus;  (Morgan). 

auBtralis  knabiana  Cockerell,  191 76,  p.  304.     9  .    Tehuantepec,  Oaxaca, 

Mexico;   VI;   (Knab). 
auBtralis  opuntiad  ('ockerell,  1901,  p.  286.     (Diadasia  rinconis  opuntia) 

9.    San  Pedro,  California;  VII;  at  Opuntia;  (W.  P.  Cockerell). 

I),  rinconis  opuntifp  \  iereck,  19036,  p  728. 
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D.  rinconis  Cockerell,  1905,  p.  14.  Los  Angeles  and  Palm  Spring,  Cali- 
fornia. 

Cockerell,  1906,  p.  101. 

(?)  D.  australis  Cockerell,  19146,  p.  410.  San  Bernardino,  Caufornia;  at 
Helianthus. 

Bray,  1917,  p.  94.    Claremont,  Caufornia;  V;  at  cactus. 

australis  rinconis  Cockerell,  18976,  p.  154.    {Diadama  rinconis)     9 . 
Rincon,  New  Mexico;  VII;  at  CWZop^'s  ,sah"grna  and  an  asclepiad. 

Diadasia  rinconis  Cockerell,  1904a,  p.  24.  Pecos,  New  Mexico;  VIII; 
at  Opuntia  arborescens. 

Cockerell,  19056,  p.  745.  Caufornia.  Bill  Williams's  Fork  and  Oak 
Creek  Canyon,  Arizona;  (Snow).    Texas  (a  9  cotype  of  australis). 

Cockerell,  1906,  pp.  101, 311.   Las  Vegas  and  Mesilla  Valley,  New  Mexico. 

Cockerell,  1917o,  p.  191.  Point  Isabel  and  San  Benito,  Texas;  IV;  at 
cactus  and  Argemone;  (W.  P.  Cockerell). 

Bray,  1917,  p.  94.    Claremont,  Caufornia;  V;  at  cactus. 

See  australis  opuniice, 

bituberculata  Cresson,  1878a,  p.  218.    (Melissodes)    d^.    California; 
(Crotch). 

D.  cinerea  Fowler,  1899,  p.  285.    cf .    Berkeley,  California;  V,  VI. 

Cockerell,  19036,  p.  77. 

D.  cinerea  Cockerell,  1905,  p.  14.  Los  Angeles  and  Rock  Creek,  Caufornia, 

Cockerell,  19056,  p.  745.    Nevada. 

Bray,  1917,  p.  94.    Claremont,  Caufornia;  V;  at  cactus. 

cinerea.    See  biinberculata. 

crassicauda  Cockerell,  1915c,  p.  231.     cf.    Laguna,  California;    (La 

Follette). 
densa.    See  enavata  densa. 
diminuta   Cresson,    1878a,    p.    215.      (Melissodes)      d^.     Colorado; 

(Morrison). 

Melissodes  apacha  Cresson,  1878a,  p.  217.  9  .  Texas*.  New  Mexico. 
Arizona. 

D.  diminuta  Patton,  1879,  p.  476. 

A.  apacha  Fox,  1893,  pp.  21,  118.  San  Julio,  San  Esteban,  San  Jos^  de 
Gracias,  and  El  Paraiso,  Lower  California,  Mexico;  IV,  V,  X;  (Haines). 

Cockerell,  1897c,  p.  20.  Santa  F^  (7000  ft.)  and  Mesilla  Valley  (3800  ft.), 
New  Mexico.    Juarez,  Mexico. 

Cockerell,  1898,  p.  193.  Mesilla  Valley,  New  Mexico;  at  Sphceralcea 
angustifolia  and  roses. 

Cockerell,  1900,  p.  363.  Las  Vegas,  New  Mexico;  at  Spharalcea  fendleri 
lohata^  S.  cuspidata,  Malvastrum  cocdneum,  M.  dissect um  and  Sidalcea  neo- 
mexicana. 

Cockerell,  1903,  p.  444.  Mescalero,  New  Mexico;  X;  at  Spharakea 
fendleri. 

Cockerell,  1905,  p.  15.    Palm  Spring,  Caufornia. 
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Cockerell,  1905&,  p.  745.    Hamilton  County,  Kansas;  (Snow). 

Cockerell,  1906,  pp.  101,  311 .    Gives  synonomy. 

Crawford,  1912,  p.  369.    Medicine  Hat,  Alberta;  (Malioch). 

enavata  Cresson,  1872,  p.  280.  (Melissodes)  9.  Bosque  County  {1\ 
Texas*;  (Belfrage). 

Melissodes  ?  ursina  Cresson,  1872,  p.  281.    cf .    Texas;  (Belfrage,  Boll). 

Patton,  1879,  p.  476. 

Cockerell,  1893,  p.  338.    West  Cliff,  Custer  County,  Colorado;  VH. 

Fox,  1893,  p.  21.    Comondu,  Lower  California,  Mexico;  III;  (Haines). 

Townsend,  1896,  p.  138.    Las  Ouces,  New  Mexico;  VIII. 

Eucera  ardos  Dalla  Torre,  1896,  p.  225.  N.  n.  for  Melissodes  ursina 
Cresson,  not  Haliday. 

Cockerell,  1897c,  p.  20.  Santa  F6  (7000  ft.),  Mesilla  Valley  (3800  ft.)  and 
Soledad  Canyon,  Organ  Mountains,  New  Mexico;  (189^,  p.  79)  sleeping 
in  closed  flowers  of  Argemone  pUUyceras. 

Ck)ckerell,  1898c,  p.  193.  Mesilla  Valley,  IX,  at  Bigelovia  wrightii  and 
Verhesina  encelioides;  Santa  F6,  VIII;  Rincon,  VII,  at  Chilopsis;  Lone 
Mountain,  near  Silver  City,  VII,  at  Sidalcea  malyceflara;  Deming,  VII,  at 
Verhesina  encelioides;  and  Clora'o,  VII,  at  Sphceralcea  angusiifoUa; — all. 
New  Mexico. 

Fowler,  1899,  p.  286.  Santa  Catalina  Island,  Santa  Barbara,  and  Red- 
lands,  Caufornia;  VI. 

CJockerell,  19056,  p.  745.  Arizona.  Wallace  CJounty,  Kansas;  (Snowj. 
Lamar,  Palisade,  Julesburg,  and  Trinidad,  Colorado. 

Cockerell,  1905A,  p.  218.  Mesilla,  New  Mexico;  VII;  at  Udianthus 
annuus. 

Cockerell,  1906,  pp.  73,  101,  311.  Fedor,  Texas;  (Birknian).  At  Heli- 
anthus.    Gives  synonomy. 

Cockerell,  19166,  p.  77.  Orange,  California;  VIII;  at  Hdianthus  lenti- 
cularis. 

enavata  densa  Cresson,  1872,  p.  282.  (Melissodes  ?  densa)  d*.  Bosque 
County  (?),  Texas*,  (Belfrage). 

Melissoides  densa  Cresson,  1876,  p.  210.    Spring  Lake,  Utah.    Boulder, 
Colorado.     (Putnam). 
Diadasia,  Syn.  of  enavata,  Patton,  1879,  p.  476. 
Cockerell,  19056,  p.  745.    Rocky  Ford,  Colorado. 

friesei  Cockerell,  1898c,  p.  192.     9  .    Southern  California. 

knabiana.    See  australis  knahiana, 

laticauda  Cockerell,  1905,  p.  103.  9.  Los  Angeles,  California: 
(Davidson). 

megamorpha  Cockerell,  1898c,  p.  192.  d^,  9.  Mesilla  Valley*,  IX, 
and  Whitewater  by  the  White  Sands,  X,  New  Mexico;  at  Sp/wFro/- 
ceafendleri  lobata,  not  angustifoUa  (See  Cockerell,  19056,  p.  745). 

nerea.    See  nigrifrons. 
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nigrifrons  Cresson,   1878a,  p.   195.     (Melissodes)      9 .     California; 
(Crotch). 

Diadasia  nerea  Fowler,  1899,  p.  285.  9,  cf.  Tulare,  California;  V; 
(H.O.Woodworth). 

D.  nerea  Cockerel!,  1905,  pp.  14,  105.  Los  Angeles  and  Banning,  Cali- 
fornia. 

CockereU,  1906,  p.  101.    Gives  synonomy. 

nitidifrons  CockereU,  1905,  p.  104.    d^.   Banning,  California.    (David- 
son). 

CockereU,  19096,  p.  206.    N.  Yakima,  Washington;  VI;  (Jenne). 
See  skinneri. 

opuntioe.    See  australis  opuntias. 

perafflicta.    See  afflicta  perafflicta, 

piercei  CockereU,  1911,  p.  132.     d'*,    9.     Corpus  Christi*,  Texas; 

III;  atOpuntia;  (W.D.Pierce).    BeeviUe,  Texas;  IV;  at  Opun- 

tia;  (Marlatt).    '*  A  species  of  the  Lower  Austral  Zone." 
rinconis.    See  australis  rinconis. 
skinneri  CockereU,  19096,  p.  206.  cf.  N.  n.  for  m^td^/rons  CockereU, 

1906,  p.  73.    Silver  Lake,  Wasatch  Mountains,  Utah;   8600  ft.; 

VII;  (Skinner). 
sphsBralcearum  CockereU,  19056,  p.  744.     c?.    Between  Las  Cruces  and 

MesiUa  Park,  New  Mexico;  VIII;  at  Sphceralcea fendlerilobata. 
Bumichrasti  Cresson,  1878a,  p.  218.    (Melissodes).     9*,  cf.    Mexico; 

(Sumichrast). 

CockereU,  1904o,  p.  22. 

See  PHlothriz  and  CockereU,  19176,  p.  304. 

toluca.    See  Leptergatis. 
tridncta.    See  afflicta. 
ursina.    See  enavata. 

DiadasieUa  Ashmead 
See  Exomalopsis. 

Dipedia 
See  Leptergatis, 

Emphob  Patton,  1879,  p.  476 

(Type:  Melissodes  hombiformis  Cresson) 

DaUa  Torre,  1896,  p.  221,  made  Emphor  a  subgenus  of  Eitcera, 

bombiformis  Cresson,  1878a,  p.  219.    (Melissodes)    9*,  cf.    Kansas.* 

Georgia.    Virginia. 

See  Melissodes  nigripes  Smith,  1854,  p.  311.     9  (not  cf),  according  to 
Robertson,  1900,  p.  53. 
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Emphor  bombiformis  Patton,  1879,  p.  476. 

Robertson,  1891a,  p.  581.    At  Ipomcea  pandurata. 

Robertson,  1899,  p.  36.  Presumably  CarlinviUe,  Illinois;  at  Htbut^ 
lasiocar-pus. 

Viereck,  1903a,  p.  119.  Chestertown,  Maryland;  (Vanatta).  Gloucesta 
County,  New  Jersey;  (Fox).  VIII.  (This  New  Jersey  record  is  doublk* 
for  fuscojubatus  (see  Smith,  1910)  and  the  Maryland  one  may  be.] 

Cockerell,  1906,  p.  100.    At  Hibiscus  and  Ipomcea. 

Knab,  1911,  p.  170.    "Drinking  "  habits.    See  Robertson,  1918,  p.  320. 

Robertson,  1914,  p.  71.  "Nests  in  the  neighborhood  of  the  Hi&wowon 
which  it  depends." 

Bequaert,  1918,  p.  126.    Sabine  River,  Louisiana. 

See  fuscojubatus. 

fuBCoJubatUB  Cockerell,  1913,  p.  107.      9 .     Cape  May  Point,  New 
Jersey;  VIII;  (Miss  L.  Nichols), 

E.  bombiformis  Smith,  1910,  p.  694.  Arlington  and  Gloucester  County, 
New  Jersey;  VIII;  at  Ifimoea  and  Hibiscus. 

E.  bombiformis  Grossbeck,  1911,  pp.  238-244.    Habits. 
Nichols,  1913,  pp.  107-112.    Habits. 

nigripes.    See  bambtformis, 

IMPHOBOP8I8  Cockerell,  T.  D.  A.  and  W.  P.,  1901,  p.  48 
(Type:  Anthophora  floridana  Smith) 
Ashmead,  1899,  p.  60,  named  the  genus  but  assigned  no  species. 
Dalla  Torre,  1896,  placed  all  of  the  described  species  in  PodaUrius, 
of  which  he  accepted  Habropoda  Smith,  1854,  p.  320  as  a  subgenus. 

MelUurgopsts  Ashmead,  1899,  p.  62.  See  Cockerell,  T.  D.  A.  and 
W.  P.,  1901,  p.  49;  also  Cockerell,  1901a,  p.  49,  19036,  p.  77,  and  1909a, 
p.  414.  Vachal,  1909,  p.  9,  gave  this  name  generic  rank  with  awrulen- 
tocaudata  a«  the  type,  but  this  can  not  stand  as  it  disagrees  with 
Ashmead's  original  interpretation. 
affilis  Smith,  1879,  p.  118.    (Habropoda)     cf .    Oaxaca,  Mexico. 

Cockerell,  1904(f,  p.  302. 
albiceps  Friese,  1916,  p.  333.     {Anihophora)     9  .  Jacubaya  [Tacubaya?!, 

Mexico.    Allied  to  ^'  aureoleniocaudatay 
aureolentocaudata.    See  aurulentocaudata. 

aurulentocaudata  Dours,  1869,  p.  92.    (Anthophora)      9,0".    Mexico. 
Habropoda  aurulentocaudata  Patton,  1879,  p.  479. 
Podalirius  aureoUiitvcaudatus  Dalla  Torre,  1896,  p.  258. 
Cockerell,  1906,  p.  100. 

birkmanni  Cockerell,  1905c,  p.  265.     9  .    Fedor,  Lee  County,  Texas: 
III;   (Birkman). 
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bombyformis  Smith,  1879,  p.  119.    (Habropoda)  d",    Oaxaca,  Mexico. 
Podaliriua  bremiformis  Dalla  Torre,  1896,  p.  261.    N.  n.  because  he  in- 
cluded Saropoda  bombiformis  Smith  in  Podaliritts. 
Cockerell,  1904rf,  p.  302. 

bremiformis.    See  bombyformis, 

cineraria  Smith,  1879,  p.  124.  (Anthophora)  9  ,  c?*.  Vancouver  Island, 
British  Columbia. 

Cockerell,  1904d,  p.  302. 

Cockerell,  19066,  p.  277.    Yakima,  Washington;  IV. 

cressonii.    See  mudda. 

depressa  Fowler,  1899,  p.  283.  (Habropoda)  9  ,  c?.  Berkeley,  Cali- 
fornia; IltoV.  Santa  Catalina  Island,  Californl\;  VI;  (Wood- 
worth.)  At  Cytisxis  prolifemsy  oak,  and  Ranunculus  califomicus; 
nests  described. 

Cockerell,  1906,  p.  100. 

elefas  Friese,  1916,  p.  334.    (Anthophora)    c?.    Jacubaya  [Tacubaya?], 

Mexico.    Allied  to  ** aureolentocaudata.'' 
fedorensis.    See  floridana  fedorensis, 
floridana  Smith,  1854,  p.  339.    (Anthophora)      9  ,  cf".    St.  John's  Bluff, 

eastern  Florida. 

Anthophora  floridana  Cresson,  1869,  p.  291.    Pennsylvania.    Illinois. 

Habropoda  floridana  Patton,  1879,  p.  478. 

Habropoda  floridana  Fowler,  1899,  p.  283.  Redonda,  Caupobnia;  V; 
(Woodworth). 

Cockerell,  1904d,  p.  302. 

Cockerell,  1905,  p.  14.    Los  Angeles,  California. 

Cockerell,  1905c,  p.  265,  and  1905/,  p.  182.    Georgia. 

Anthophora  floridana  Smith,  1910,  p.  694.  Orange  Mountains;  Jamesburg, 
V;  Lahaway,  VI;  Clematon,  IV,  V;  Mannmuskin,  IV; — all.  New  Jersey. 

Anthophora  (Emphoropsis)  floridana  Viereck,  1916,  p.  737.  New  Haven, 
CoNNEcrncuT;  IV. 

See  pascoernds. 

The  California  records  seem  doubtful. 

floridana  fedorensiB  Cockerell,  1905c,  p.  265.    c?" ,  9  .  Fedor,  Lee  County, 

Texas;  III,  IV;  (Birkman). 
fulva  Smith,  1879,  p.  119.    (Habropoda)    c?.    Guatemala. 
Cockerell,  1904a,  p.  204.    Mexico  (?). 

habropoides.    See  terminata. 

infemalis.    See  tristissima  and  Anthophora. 

intentpersa  Cockerell,  1905,  pp.  99,  100.    cf .    California. 
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johnsoni  Cockerell,  1905d,  p.  59.  (miLcida  johnsoni)  9*,  c?*.  Fort 
Collins*,  Colorado;  V;  at  Delphinium;  (S.  A.  Johnson).  Lamar, 
Colorado;  (Gillette). 

Cockerell,  1905,  p.  99. 

Cockerell,  1910a,  p.  310.    Steamboat  Springs,  Colorado;  6680  ft. 

melanopyrrha  Dours,  1869,  p.  90.    (Anthophora)    9  ,  cf.    Mexico. 
Hahropoda  melanopyrrha  Patton,  1879,  p.  479. 
Cockerell,  1906,  p.lOO. 

xniserabiliB  Cresson,  1878o,  p.  191.  (Anthophora)  cf.  Camfornli; 
(H.  Edwards). 

Habropoda  miserabilis  Patton,  1879,  p.  479. 

Hahropoda  miserabilis  Fowler,  1899,  p.  284.     9 .    San  Francisco,  Cali- 
fornia; IV;  at  Phadda  calif omica. 
Cockerell,  1906,  p.  100. 

montezumia  Smith,  1879,  p.  118.    {Habropoda)    d^.     Oaxaca,  Mexico. 

Cockerell,  1904rf,  p.  302. 
morrifloni  Cresson,  1878a,  p.  192.     (Anthrophora)      cf.     Colorado; 
(Morrison). 

Hahropoda  morrisoni  Patton,  1879,  p.  479. 
Cockerell,  1905,  p.  100.    c^    of  mucidal 

mucida  Cresson,  1878a,  p.  191.  (Anthophora)  9 .  Colorado; 
(Morrison). 

Hahropoda  mucida  Patton,  1879,  p.  479. 

^odalirius  cressonii  Dalla  Torre,  1896,  p.  264.    N.  n.  because  he  included 
Anthophora  mucida  Griboda  in  Podalirius. 

Cockerell,  1906,  p.  100.    Suggests  that  it  is  the  9  of  morrisoni, 
Cockerell,  1906<i,  p.  443.    Florissant,  Colorado;  VI;  at  Rxbes  longiflorum. 
See  johnsoni. 

murihirta  Cockerell,  1905a,  p.  81.     c?*,  9  .    Los  Angeles,  Californu; 

(Davidson). 

Cockerell,  1916,  p.  283.    Claremont,  California;  (Baker). 
murihirta  murina  Cockerell,  1909a,  p.  414.    c^.   San  Francisco  County, 

California;  X. 
murina.    See  murihirta  murina. 
pascoensifl  Cockerell,  18986,  p.  54.      (Habropoda  floridana  pa^coenm) 

9 .    Pasco,  Washington;  V;  (Kincaid). 
Cockerell,  1905c,  p.  265. 
nigosissima  Cockerell,  1905/,  p.  182.     9  .    Nevada. 
salviarum  Cockerell,  1897c,  p.  42.    (Habropoda)    c?,   9  .  Top  of  Organ 

Mountains,   New  Mexico;    VIII;    at  Salvia;    (Townsend  and 

Tinsley). 
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Cockerell,  1904,  p.  234.    Blue  River,  Arizona;  (Davidson). 

samifulva  Cockerell,  1905,  p.  99.    d*.    California. 

terminata  Smith,  1879,  p.  119.    (Habropoda)     9  ,  cf .    Oaxaca,  Mexico. 

Podalirius  habropoides  Dalla  Torre,  1896,  p.  271.    N.  n.  because  he  in- 
cluded Anihophora  terminata  Smith  in  Podalirius. 
Cockerell,  1904rf,  p.  302. 

tristiBsixna  Cockerell,  19046,  p.  161.    (Empharopsis  infemalis  tristissima) 
9.     Los  Angeles  and  Lancaster  (Mohave  Desert),  California; 
(Davidson). 

Cockerell,  1906,  p.  100. 

Cockerell,  1916,  p.  283.    Claremont,  California;  (Baker). 

vieredd  Cockerell,  1909a,  p.  414.    Name  for  "n.  sp.  Viereck,  ined.," 
Cockerell,  1905c,  p.  265.    Colorado.    New  Mexico. 

Entkchmia  Patton,  1879,  p.  476 

(Tjrpe:  Anihophora  taurea  Say) 

It  seems  quite  probable  that  the  name  Entechnia  must  give  way  to 

Melitoma,    See  Latreille,  1825,  p.  464;  Lepeletier,  1825,  p.  529;  Friese, 

1899a,  p.  273;  Vachal,  1909,  p.  5;  Ducke,  1912,  p.  95  (mixes  a  number  of 

quite  different  genera);  and  Cockerell,  19176,  p.  304. 

dakoiensis.    See  grisella, 
euglossodes.    See  fulvifrans, 

fulvifrons  Smith,  1854,  p.  341.     {Avihophora)     9 .    Par^,  Santarem, 
Brazil. 

Anthophora  ftdvifrons  Dours,  1869,  p.  134.     9 ,  cf .    Brazil. 

Cresson,  1887,  pp.  304,  305.  Includes  his  Melissodes  f  margineUa.  See 
euglossoides  margineUa. 

Eucera  margineUa  and  Podalirius  fidrnfrons  Dalla  Torre,  1896,  pp.  240,  269. 

Cockerell,  18996,  p.  14.    Lower  part  of  Rio  Nautla,  Mexico. 

Meliphila  impomcece  Schrottky,  1902,  p.  311.  cf,  9.  Buenos  Ayres  and 
fit  at  de  St.  Paul,  Brazil;  at  Ipomaa  eriocarpa. 

Podalirius  fulmfrons  Schrottky,  1903,  p.  524. 

Cockerell,  1905c,  p.  335.  Fedor,  Lee  County,  Texas;  VIII.  Argentina. 
Bolivia. 

Crawford,  1906,  p.  161.  Juan  Vinas  and  Monte  Redondo  (about  4000  ft.), 
Costarica;  III;   (Bruner). 

Anthophora  taurea  fulvifrons  Friese,  1916,  p.  295.  San  Joa^,  Costa  Rica; 
(Schmidt). 

Probably  the  same  as  euglossoides. 

fulvifrons  marginella  Cresson,  1872,  p.  282.     {Meli.ssodefi  ?  margineUa) 
cf,  9  *.  ComaH bounty*,  Texas.    Mexico. 
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Mdiioma  euglossoidss  marginetta  Ck>ckerell,  1014c,  p.  316.  Guatemab 
City,  (Rodriguez),  and  Quirigua,  (W.  P.  Cockerell),  Guatemala  Rio 
Nautla,  Mexico;   (Townsend). 

grisella  Cockerell  and  Porter,  1899,  p.  409.  cf.  La  Cueva,  Gallinas 
River,  S.  of  Las  Vegas,  New  Mexico;  VIII;  (Porter).  Cockerell, 
1906,  p.  310,  gives  Las  Valles  as  the  type  locality.  (La  Cueva  was  a 
mistake.) 

Entechnia  dakoteims  Cockerell  and  Porter,  1899,  p.  409.  9 .  Hot  Springs, 
Dakota;  (L.  Bruner). 

Cockerell,  1906,  pp.  73,  99.  Gives  this  synonomy.  Rocky  Ford  and 
Denver,  Colorado;  (S.  A.  Johnson).  Wallace  County,  Kansas;  3000  ft.; 
(Snow).    Nebraska;  at  IjHmwea  leptophylla;  (Crawford). 

ipomcea .    See  fiUmfrons, 

marginella.    See  fulvifrons  and  fidvifrans  marginella. 
taurea  Say,  1837,  p.  410.    (Anthophora)     9,  d^.    Indiana;  describes 
nest. 

Anthophora  taurea  Dours,  1869,  p.  149.  Mexico.  Describes  but  does  not 
name  a  variety. 

Patton,  1879,  p.  476. 

Robertson,  1891a,  pp.  571,  581.    At  Asdepias  incamaia,  Ipomoea  pandu- 
ratOf  and  Convolvulus  sepium, 
Podalirius  taureus  Dalla  Torre,  1896,  p.  291. 

Robertson,  1901a,  p.  367.     An  oligotropic  visitor  of  Ipomasa  panduraia, 
Holmberg,  1903,  p.  400.     North  America  to  Buenos  Ayres,  Argentina. 
Cockerell,  1906,  p.  99.    Illinois  and  Georgia;  at  Convolvulus. 
Mditoma  taurea  Smith,  1910,  p.  694.    Fort  Lee  and  Camden  County,  New 
Jersey;  VI. 
Robertson,  1914,  p.  68.    Triepeolus  donatus  is  inquiline. 
See  fulvifrons. 

ioluca.    See  Leptergatis. 

Lbptbroatib  Holmberg,  1903,  p.  422 
Holmberg's  first  species,  L.  halidoides  Holmberg,  may  be  considered 
the  type.  This  is  said  to  be  identical  with  Dtpedm^'gfo^Friese.  Seep.  641. 
Dipedta  Friese,  1906,  p.  92.     Type:    Ancyloscelis  armata  Smith. 
armata  Smith,  1854,  p.  367.    {Ancyloscelis)    cf .    Brazil. 

Ancyloscelis  armaius  Cockerell,  1905c,  p.  325.    Discusses  generic  position. 
Cockerell,  19026,  p.  29.    Quirigua,  Guatemala;  II;  at  Zexmenia  virguUa; 
(W.  P.  Cockerell). 

toluca  Cresson,   1878a,  p.  219.     (Melissodes)      9*,    cf.     Mexico; 
(Sumichrast). 

Diadasia  toluca  Fox,  1893,  p.  118.  San  Jos6  del  Cabo,  Lower  California, 
Mexico;  X;  (Eisen). 
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Eucera  ioluca  Dalla  Torre,  1896,  p.  249. 
Eniechnia  toluca  Cockerell,  19056,  p.  741. 

Cockerel],  19126,  p.  29.    Gualan,  Guatemala;   II;   at  Cordia  alba;   (W. 
P.  Cockerell). 

wheeleri  Cockerell,  1912,  p.  105.     c?,    Escuintla,  Guatemala;   XII; 
(Wheeler). 


See  Etnphoropsis. 
See  Emphoropsis, 
See  Eniechnia. 
See  Anthophara. 


Habropoda 
Meliturgopsis 

Melitoma 
Micranthophora 

Eucerims 


Antkidon  Robertson,  1900,  p.  53 
(Type:  Melissodes  compta  Cresson) 
compta  Cresson,  1878a,  p.  199.     (Melissodes)      9*,    cf.     Georgia; 
(Morrison). 

Robertson,  1901a,  p.  367.    An  oligotrope  of  (Enothera  biennis  at  Carlin- 
ville,  Illinois. 

Cockerell,  1905c,  p.  267.    Fedor,  Lee  County,  Texas;  VI. 
Cockerell,   1906,  p.  79.     Cheyenne   Mountain,  near  Colorado  Springs, 
Colorado;  VII;  (Gillette). 

Melissodes  compta  Smith,  1910,  p.  693.    Westville,  New  Jersey.    Philadel- 
phia, Pennsylvania.    VII. 
Melissodes  (Anthedon)  compta  Viereck,  1916,  p.  732. 

CBMOLOBU8  Robertson,  1902,  pp.  324,  325 
(Type:  Xenoglossa  ipomme  Robertson) 
ipomcBflB  Robertson,  1891a,  p.  581,  and  1898,  p.  65.      (Xenoglossa)    9 . 
Carlinville,  Illinois;  VII,  VIII;  at  Ipomcea  pandxirata. 
Robertson,  1902,  pp.  324,  325.     9 ,  d'. 
Cockerell,  1906,  pp.  101,  106.    Lehigh  Gap,  Pennsylvania;  (Rehn). 

Epimelissodes  Ashmead 
See  Melissodes. 

Eucera  Scopoli 
Dalla  Torre,  1896,  included  practically  all  of  our  eucerine  bees  in 
this  genus. 
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'^Eucera  Scop,  is  European.  E,  macukUa  Lep.,  if  correctly  placed 
generically,  is  probably  wrongly  attributed  to  North  America"  (Cock- 
erell,  1906,  p.  104). 

Euaynhcdonia  Ashmead 
See  Tetrcdonia. 

Euthyglossa  Radoszkowsky,  1884,  p.  21 
This  genus  is  probably  a  synonym  of  Osiris  (see  Cockerell,  1906, 
p.  104).    At  any  rate,  fasdata  Radoszkowski,  1884,  p.  22  (Eucera  evJthy- 
glossa  Dalla  Torre,  1896,  p.  232),  does  not  belong  to  the  groups  treated 
here. 

Flobzlkoub  Robertson,  1900,  p.  53 

(T3rpe:  Melissodes  condigna  Cresson) 
Cockerell,  1906,  p.  107,  questions  the  validity  of  the  genus. 
condigna  Cresson,  1878a,  p.  207.    (Melissodes)    9  .    Illinois  and  Kan- 
sas.* 

Melissodes  palusiris  Robertson,  1892,  p.  273.  cT.  Carlinville,  Illinois; 
at  Dianthera  americana  amd  Pontederia  cordata.    See  1898,  p.  53. 

Cockerell,  1909c,  p.  129.  9 .  Piano  (about  17  miles  N.  of  Dallas),  Texas; 
X;  (Tucker). 

Melissodes  (Florilegus)  condigna  Viereck,  1916,  p.  732. 

lanierii  Gu^rin,  1845,  p.  455,     PL   Lxxrv,  fig.   7.     (Macrocera)    cf. 
Cuba. 

Tetralonia  lanierii  Smith,  1854,  p.  308. 
Melissodes  lanierii  Cressson,  1865,  p.  188. 
Cockerell,  1906,  p.  77. 

-palusiris.    See  condigna, 

Macrocera 


See  Tetralonia, 
See  Thygater, 
See  Thygater 


Macroglossa 
Macroglossajds 


MAETDfiLLA  Cockerell,  1903,  p.  450 
(Type:  Melissodes  luteicomis  Cockerell) 
Proposed  as  a  subgenus  of  Melissodes, 
luteicomis  Cockerell,  1896a,   p.   293.     (Melissodes)    cT.     Rincon  and 
Colorado,  New  Mexico;   VII;   at  Prosopis  juliflora  glandulosa. 
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Mdissodes  liUeicomis  Cockerell,  1898/,  p.  314.    Las  Cruces,  New  Mexico » 
at  Cevallia  sinuata. 
Cockerell,  1906,  p.  310.    Mesilla  Valley,  New  Mexico. 

MiLUBODKS  Remand,  1841,  PL  lxx 
(Type:  Mdissodes  fonscolomhei  Romand) 

Cockerell,  1912(i,  p.  267:  ^*  Melissodes  is  usually  credited  to  LatreiUe, 
but  it  was  defined,  and  species  assigned  to  it,  by  F.  Smith  in  1854.  Lepe- 
letier  described  what  was  understood  to  be  Latreille's  insect  as  Melissoda 
latreillii;  this  is  Acanthopus  goryi  Romand.  Mr.  J.  C.  Crawford  writes  in 
a  letter  that  Romand  in  1841  included  a  species  in  Melissodes;  I  have 
not  had  access  to  this  work."  Apparently  Romand  is  the  real  author  of 
the  genus.  Romand's  account  of  Melissodes  fonscolombei  is  extremely 
confused,  and  his  figures  are  bad.  He  supposed  he  had  both  sexes  of  a 
single  species,  the  male  from  the  Antilles,  the  female  from  ChiU.  In  a 
postscript  he  states  that  the  true  insect  of  Latreille  is  from  the  Antilles. 
The  figures  indicate  that  the  two  insects  were  both  males;  one,  presum- 
ably from  the  Antilles,  a  Melissodes  in  the  modern  sense;  the  other  a 
Diddasia,  His  Figure  6  shows  well  the  apex  of  the  abdomen  of  <f 
Diadasiaj  and  5  B  appears  to  be  a  DiadoMa  leg,  with  thickened  femur. 
But  figures  1  A.  2,  3,  5  A  and  7  all  indicate  male  Melissodes,  The  light 
clypeus  and  long  antennae  are  well  shown,  and  the  wing  agrees,  except 
that  the  third  submarginal  cell  is  too  broad  above.  We  propose  to 
restrict  the  name  to  the  last  mentioned,  thereby  conserving  Melissodes 
in  the  sense  of  modern  authors  and  of  Latreille.  Unless  fonscolombei 
can  be  definitely  identified  by  finding  the  type  or  in  some  other  way  the 
justice  of  crediting  the  genus  to  Romand  may  be  questioned. 

Dalla  Torre,  1896.    Includes  Melissodes  under  Evcera. 

Epimelissodes  Ashmead,  1899,  p.  163  (Type:  M.  dripes  Cresson) 
might  be  considered  a  subgenus. 

For  keys,  etc.,  see  Robertson,  1905,  and  Cockerell,  1905e,  1905/i, 
1906,  and  1912d. 

acerba.    See  Tetralonia. 

acomanche.    See  atripes  acomanche, 

actuosa.    See  Tetralonia. 

afflida.    See  Diadasia. 

agilis  Cresson,  1878a,  p.  204.    rf".    Texas;  (Belf rage). 
Cockerell,  1894,  p.  234.    Judrez,  Mexico;  VIII. 

Robertson,  1896,  p.  176.    Carlinville,  Illinois;,  at  Silphium  perfoliatum, 
Cockerell,  1897c,  pp.  23,  24,  28.     Socorro,  Mesilla  Valley,  and  Organ 
Mountains,  New  Mexico. 
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Cockerell,  1898a,  pp.  67,  73.  Albuquerque,  New  Mexico;  at  Hetianihus 
annuus,    1898/,  pp.  312  and  314:  Las  Cruces,  New  Mexico. 

Cockerell,  1901a,  p.  129.  Las  Vegas,  Sapello  Canyon,  and  San  Ignacio, 
New  Mexico;  VII,  VIII;  at  Helianthus  annuus,  Verbesina  encelimdeSf  and 
Cleome  serrulata.    Var.  a,   cf,  has  no  yellow  spot  on  mandibles. 

Cockerell,  1905,  pp.  13,  28,  29.  Notes  variations,  without  naming  them, 
from  Bear  Valley,  Rock  Creek,  Los  Angeles,  and  Catalina  Island, 
Calipornia;   (Davidson). 

Lovell  and  Cockerell,  1906,  p.  110.  Waldoboro,  Maine;  VIII,  IX;  at 
Helianthus, 

Cockerell,  1906,  pp.  102,  309.  Colorado.  Santa  F6,  Las  Vegas,  and  San 
Ignacio,  New  Mexico.    "Transition  to  Middle  Sonoran  Zones." 

Cockerell,  19076,  p.  255.    Boulder,  Colorado;  VIII;  at  Grindelia. 

Tucker,  1909,  p.  278.    Colorado  Springs  and  Denver,  Colorado;  VIII. 

Cockerell,  1910d,  p.  128.  Rifle  Gap,  Colorado;  at  Helianlhus;  (Robbins). 
Remarks  on  variation. 

Gr»nicher,  1911,  p.  247.  Mouth  of  the  Yellow  River  and  Randall  in 
Burnett  County,  Farmington  in  Polk  County,  Hudson  in  St.  Croix 
County,  and  Prescott  and  Maiden  Rock  in  Pierce  County,  Wisconsin;  VII, 
VIII;  at  Compositse. 

Cockerell,  1914<i,  p.  365.    Fresno,  Caupornia;  VIII. 

See  lupina. 

agilis  aurigenia  Cresson,  1878a,  p.  212.  (Af.  aurigenia)  9*,  cf. 
Canada.  Maine.  New  York.  Virginia.  Louisiana.  Missouri. 
Kansas.    Colorado.*    New  Mexico.    Utah. 

AT.  aurigenia  Robertson,  1894,  pp.  452-475.  Macoupin  County,  Illinois; 
at  Eupatorium  pwrpureum,  Lacinia  ["Liatris*']  pycnostachya,  Aster  nomE- 
angluEf  SUphium  integrifolium  and  laciniatum,  Lepachys  pinnata,  Helianthus 
grosseserratus  and  tuberosuSj  Coreopsis  aristosa,  Bidens  chrysanthemoides, 
Helenium  auiumnale,  and  Cnicus  lanceolatus, 

M,  agilis  Robertson,  1897,  p.  354.  Made  aurigenia  a  synonym  of  agilis. 
Carlinville,  Illinois. 

M,  aurigenia  Robertson,  1898a,  p.  244.  A  t  Helianthus  divariccUus. 

M.  aurigenia  Cockerell,  1897c,  p.  20.  Santa  F6,  New  Mexico;  7000  ft.; 
(1898/,  p.  79)  sleeping  in  closed  flowers  of  Argemone  platyceras. 

Cockerell,  1898a,  pp.  67,  73.  Albuquerque,  New  Mexico;  IX;  at  Heti- 
anthus  annuus. 

Cockerell,  1901a,  p.  129.  Romeroville  and  Las  Vegas,  New  Mexico; 
VII,  VIII;  at  Medicago  saliva,  Verbesina  encelioides,  and  Aplopappus  spinu- 
losus. 

M.  aurigenia  Cockerell,  1905,  p.  103.    Phoenix,  Arizona;  X. 

M.  aurigenia  Cockerell,  1906,  p.  92.  Oak  Creek  Canyon,  Arizona;  (Snow). 
Sterling,  Durango,  Greeley,  and  Fort  Collins,  Colorado. 

M.  aurigenia  Tucker,  1909,  p.  278.  Colorado  Springs  and  Denver,  Colo- 
rado; VII,  VIII. 

M,  aurigenia  Cockerell,  1911,  p.  390.  Sterling,  Colorado;  VIII;  at 
Helianthus. 
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M.  aurigenia  Cockerell,  1014&,  p.  409.  Goodview,  Ck>LORAi>o;  VII;  at 
Helianlhus  annuus  coronatits. 

M.  aurigenia  Cockerell,  19156,  p.  482,  and  19166,  p.  77.  Orange.  Califobnia; 
VIII;  At  Helianlhus  lenticularis. 

agilis  semiagilis.    See  semiagilis, 
agilis  snomi.    See  snotvii, 

dkgUis  subagilifl  Cockerell,  1905d,  p.  145.    cf .    Fort  Collins,  Colorado; 
VIII;  At  Grindelia  squarrosa;  (Bishopp). 

Cockerell,  1906,  pp.  76,  92, 102.   Oak  Creek  Canyon,  Arizona;  (Snow). 
Cockerell,  1906c,  p.  367.   Fedor,  Lee  County,  Texas;  (Birkman). 

albaia.    See  Xenoglossodes, 

aUnlabris.    See  Thygater, 

albocincta  Cockerell,  1919a,  p.  119.     9.    Mexico;    (Baker).    ''This 

may  be  referable  to  Xenoglossodes.^^ 
albocoUaris  Cockerell,  19196,  p.  30.   Mexico;  (Baker). 
ftinbigua  Smith,  1879,  p.  116.    9  .    Mexico. 
ftmericana  Lepeletier,  1841,  p.  92.    (Macrocera)     cf.    Carolina. 

Smith,  1854,  p.  312. 

Robertson,  1898,  p.  53.  Says  that  denliventris  Robertson,  1897,  p.  363,  is 
this  species.  1898a,  p.  244:  (?)  Carlinville,  Illinois;  at  Helianlhus  divarv- 
calus, 

apacha.    See  Diadasia  diminula, 

apicata  Lovell  and  Cockerell,  1906,  p.  111.     9.    Waldoboro,  Maine; 

Vll;  at  Pontederia  cordala. 
CLSchenbomiana,    See  tepaneco  aschenbomiana. 
(issimilis.    See  Xenoglossa, 
asteris  Robertson,  1914,  pp.  70,  373.     9 .     Carlinville,  Illinois;    at 

Asteroidea. 
atrata  Smith,  1879,  p.  115.    cf .    Oaxaca,  Mexico. 

Eucera  alralula  Dalla  Torre,  1896,  p.  225. 

Cockerell,  1896o,  p.  290.     Paso  de  Telaya,  Vera  Cruz,  Mexico;    IV; 
(Townsend). 
Cockerell,  18996,  p.  13.    Oaxaca  and  lower  part  of  Rio  Nautla,  Mbxicx>. 

airaiula.    See  atrata. 

atarifera  Cockerell,  1910,  p.  256.    cf.    Mexico;  (Deppe). 

atrifera  sandiarum  Cockerell,  1910,  p.  257.     cf.    Sandia  Mountains 

New  Mexico;  VII;  at  Croton;  (Watson). 
alrifrons   See  carolinens^is. 
atxipes  Cresson,  1872,  p.  275.    9  .    Texas:  (Self rage). 

Robertson,  1898,  p.  54.  Carlinville,  Ilunois.  1914,  p.  73:  at  Cassia 
chamcBcrisia. 
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Epimelissodes  airipes  Ashmead,  1899,  p.  63. 

Birkman,  1899,  p.  245.   Fedor,  Lee  County,  Texas;  VI     (See  CockereH 
1905c,  p.  335.) 
Smith,  1910,  p.  693.   Camden  County,  New  Jersey;  (Fox). 

atripes  acomanche  Cockerell,  1906,  p.  109.     cf.    Fedor,  Lee  County, 

Texas;  VI;   (Birkman). 
atriverUris,    See  Tetralonia. 
aurigenia.    See  agilis  aurigenia, 
aicstralis.    See  Diadasia, 
autumnalifl  Robertson,  1905,  p.  369,  for  Robertson,  1896,  pp.  175, 178 

(manuscript  name) .    9  ,  c? .   Carlinville,  Illinois  ;  at  Aster  ericaidei 

villosus  and  Rudbeckia  ladniata. 

Cockerell,  1906,  p.  114.    Fedor,  Lee  County,  Texas;  XI;  (Birkman). 

baileyi  CockereU,  1906c,  p.  361.     9  .    Fedor,  Lee  County,  Texas;  IV; 

(Birkman). 
belfragii.    See  Tetralonia. 
bidentis  Cockerell,  1914<i,  p.  362.     9 .    West  Point,  Nebraska;  LX; 

at  Bidens;  (Crawford). 
bimaculata  Lepeletier,  1825,  p.  527.    (Macrocera)     9  .    Pennsylvania. 
Macrocera  binotata  Say,  1837,  p.  404.     9 ,  cf .    Indiana. 
Macrocera  nigra  Lepeletier,  1841,  p.  241.    Pennsylvania. 
Melissodea  nigra  Smith,  1854,  p.  310. 

Robertson,  1891a,  pp.  569,  581,  587,  593,  594.  At  Asdepias  verticiUaia, 
fponuea  pandurata^  Convohndus  sepiumj  Scrophularis  nodosa  marilandic^ 
Veronica  virginicoj  and  Seymaria  macrophylla, 

Robertson,  1894,  pp.  451,  452,  463,  469,  473,  476.  Macoupin  County, 
Illinois;  at  Vemoniafasciculata  (printed  noveboracensis  but  changed  by  the 
author  in  copies  sent  out),  Eupatorium  purpureum^  Silphium  lacinialum, 
Lepachys  pinnata^  Coreopsis  aristosa,  and  Cnicus  lanceolatus, 

Robertson,  1896,  pp.  162,  176,  178.      Carlinville,  Ilunois;  at  Astragalus 
canadensis^  Silphium  perfolialum^  and  Cacalia  reniformis, 
Cockerell,  1899f,  p.  3.    Baldwin,  Douglas  County,  Kansas;   (Bridwell). 
Harris  and  Kuchs,  1902,  p.  36.   Lake  View,  Kansas;  at  Cassia  chamacri^ 
Cockerell,  1905c,  p.  267.   Wellsville,  Kansas;  (Johnson). 
Smith,  1910,  p.  693.   Staten  Island,  New  York.    New  Brunswick,  James- 
burg,  WeSi ville,  Riverton,  Merchantville,  Collingswood  and  Winslow,  New 
Jersey.    VII,  VIII. 

Grsenicher,  1911,  p.  247.  Prescott  and  Maiden  Rock,  Pierce  County, 
Wisconsin;  VII,  VIII. 

Viereck,  1916,  p.  733.    New  Haven  and  Westville,  Connecticut;  VII. 

bimaculata  morriUi  Cockerell,  19186,  p.  29.     9  .    Tlahualilo,  Durango, 

Mexico  ;  IX ;  at  squash ;  ( Morrill ) . 
binotata.    See  bimaculata. 
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bishoppi  Cookerell,  19146,  p.  414.     cf .    Paris,  Texas;  VIII;  at  Heli- 

anthus;  (Bishopp). 
bituberculata.    See  Diadasia, 
blakei  Cookerell,  1905t,  p.  523.     9.     Beulah,  New  Mexico;    VIII. 

**  Canadian  zone.*' 

Cockerell,  1906,  pp.  107,  309.  Tularosa  Creek,  New  Mexico;  X;  at 
Chrysothamnus  graveolus  glabrata.  "May  prove  to  be  a  mountain  race  of 
mizecB.'*    "  Canadian  to  Upper  Sonoran." 

boltonia  Robertson,  1905,  p.  368.    9  .    Carlinville,  Illinois. 

CockereU,  1907e,  p.  127.    Falls  Church,  Virginia;  VIII,  IX;  (Banks). 
Cockerell,  1909,  p.  26.    Malcolm,  Nebraska;  IX;  (Birkman). 

bombiformis.    See  Emphof, 

brevicomis.    See  Xenoglossa, 

bruesi  Cockerell,  1906,  p.  110.     9 .    Fedor,  Lee  Comity,    Texas;  V; 

(Birkman). 
d^ennensifl  Lepeletier,  1841,  p.  94.     (Macrocerd)    c? .   French  Guiana. 
l^etraUmia  cajennensis  Smith,  1854,  p.  307.    West  Indies. 

calif  arnica  Smith,  see  smithii;  for  that  of  Cresson,  see  Tetralonia, 
caliginosa  Cresson,  1878a,  p.  192.      9*,   cf.     Georgia;    (Morrison, 
Ridings). 

Smith,  1910,  p.  693.   Gloucester  County,  New  Jersey;  IX;  (Fox). 

catalinensis.    See  irUermediella  catalinensis, 

carolinensifl  Dalla  Torre,  1896,  p.  228.     (Eucera)      New  name  for 

Tetralonia  atrifrons  Smith,  1854,  p.  308  (not  p.  307).     9  .    North 

Carolina. 

Smith,  1910,  p.  693.    Camden  County,  New  Jersey;  (Fox). 

chrysothamni  Cockerell,  1905i,  p.  524.    9  .  Embudo  on  the  Rio  Grande, 
New  Mexico;    IX;    at  Chrysothamnus.     1906,  p.  309:    '* Upper 
Sonoran." 
civica  Cockerell,  1910,  p.  258.    9  .    Mexico. 

cnici  Robertson,  1901,  p.  230.  A  new  name  for  the  cf  (not  9)  of 
nigripes  Smith,  1854,  p.  311;  may  include  the  9  of  desponsa  Smith, 
1854,  p.  310  (see  Robertson,  1902,  p.  49),  and  is  the  desponsa 
Robertson,  1897,  p.  354.  Carlinville,  Illinois;  at  Monarda 
fistulosa. 

Grsenicher,  1911,  p.  247.    Randall  in  Burnett  County,  Never's  Dam  and 
Farmington  in  Polk  County,  Hudson  in  St.  Croix  County,  and  Fresco tt  and 
Maiden  Rock  in  Pierce  County,  Wisconsin;  VII,  VIII.   Suggests  that  these 
may  be  desponsa  Smith. 
Robertson,  1914,  p.  69.    At  Cnicus, 
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colliciata  Cockerell,  1910,  p.  257.    d^.    Mexico;  (Deppe). 
coloradensis  Cresson,  1878a,  p.  200.     9*,  cf.    Colorado;    (Ridings, 
Morrison) . 

Robertson,  1894,  pp.  454-476.  Macoupin  County,  Ilunois;  at  Lacinaria 
l**Lio/rw''|  pycnostachyay  SUphium  laciniatumf  Helianthus  mollis,  grosseser^ 
ratus^  and  tuberosus,  and  Cnicus  lanceolcUus 

Robertson,  1896,  pp.  176-178.  Carlinville,  Illinois;  at  SUphium  per- 
foliatuiny  Heliopsie  lavis  and  Rudbeckia  ladniata, 

Robertson,  1898a,  p.  244.    At  Helianthus  divaricatus. 
Comanche  Cresson,  1872,  p.  276.     9*,  c?*.    Texas;  (Belfrage,  Boll). 

Birkman,  1899,  p.  245.    Fedor,  Lee  County,  Texas. 
communis  Cresson,   1878a,   p.  204.      9*,  tf.     Georgia.    Illinois 

Cockerell,  1906,  p.  92.    Bill  William's  Fork,  Arizona;  (Snow). 

Smith,  1910,  p.  693.    Gloucester  County,  New  Jersey;  VII. 

Cockerell,  1914c,  p.  31.  Stone  Cabin  Canyon,  Santa  Rita  Mountains, 
Arizona;  &{  Thunbtriathespesioides;  VIII:  (Pierce). 

See  kallstrcemicB  phcnacoides. 

camposita.    See  lupina  camposita. 
compta.    See  Anthecbn, 

comptoides  Robertson,  1898,  p.  52.     9,  cf.    Carlinville,  Illinois. 
condigna.     See  Florilegus, 

confusa  Cresson,  1878a,  p.  205.     9  *,  cT.    Colorado;  (liidinj^s,  Morri- 
son). 

Robertson,  1894,  pp.  458-460,  468,  471,  272,  and  475.  Macoupin  County, 
Ilunois;  at  Boltonia  asteroides.  Aster  novceanglice  and  paniculaius,  Rud- 
beckia triloba,  Helianthus  tuherosus.  Coreopsis  palmata,  and  Helenium 
autumnalc, 

Af .  ruidosensis  Cockerell,  18966,  p.  305.  cf .  Ruidoso  Creek,  New  Mexico; 
6400-7500  ft.;  VII;  at  Pentstemon  and  (?)  Eustoma. 

Robertson,  1896,  pp.  175,  176,  178.  Carlinville,  Ilunois;  &t  A^er 
ericoides  viUosis,  SUphium  perfolicUum,  and  Rudbeckia  ladniata. 

Cockerell,  1897c,  pp.  20,  24.  Santa  Fo  (7000  ft.)  and  Dripping  Spring  in 
Organ  Mountains,  New  Mexico. 

Robertson,  1897,  p.  355,  makes  the  d^  ruidosensis  Cockerell,  18966,  p.  305, 
a  synonym. 

Birkman,  1899,  p.  245.    Fedor,  Lee  County,  Texas. 
M.  ruidosensis  Cockerell,  1901c,  p.  43.    At  Vicia.    1901a,  p.  130:    Bculah 
and  Las  Vegas,  New  Mexico;  VII,  VIIJ. 
Viereck,  1902,  p.  46.    At  Erigeron. 

Cockerell,  1906,  pp.  92,  309     Colorado.    ''Canadian  to  Upper  Souoran." 
Cockerell,  1906d,  p.  443.    Florissant,  Teller  County,  Colorado:  VII. 
Cockerell,   1911,  p.  33.     Canada:     Meota,  Saskatchewan;     Madeod; 
Radisson;  Prince  Albert ;  VII;  (Willing), 

confusiformis  Cockerell,  1906c,  p.  366.     9  .  Fedor,  Lee  County,  Texas; 
V*,  IX;   (Birkman). 
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Cockerell,  19146,  p.  409.  Goodview,  Colorado;  VII;  at  Helianthus 
annuus  coroncUus. 

Cockerell,  1919c,  p.  272.     (f.    Gold  HiU,  Colorado;  8600  ft.;   VII;   at 
Geranium. 
coreopsis  Robertson,  1905,  p.  368.     9  .    Carlinville,  Illinois. 

Robertson,  1914,  p.  69.    At  Coreopsis  palmata. 
cremdaticomis.    See  Tetralonia, 
dagosa  Cockerell,  1909c,  p.  128.     cf .    Osborn's  Rancb,  Grand  Coulee, 

Washington;  VII. 
densa.    See  Diadasia  enavala  densa, 
denticulata  Smitb,  1854,  p.  31 1 .    c? .   United  States. 

M.  senilis  Smith,  1854,  p.  311.     9 .    Mount  Pleasant,  Ohio. 
M.  senilis  Provancher,   1888,  p.  301.     Cap  Bouge,  Ottawa;  Canada; 
(Guignard). 
dentiyentris  Smith,  1854,  p.  312.    cf .   Georgia. 

Provancher,  1888,  p.  299.  cT,  9.  Cap  Rouge,  Ottawa,  Canada;  (Guig- 
nard). 

Robertson,  1894,  pp.  463,  467,  469-471,  473-476.  Macoupin  County, 
Illinois;  at  Silphium  integrijolium^  Rudbeckia  hirtaf  Lepachys  pinnaUi, 
Helianthus  grosseserratus  and  tt^berosusy  Coreopsis  tripteris  and  aristosOf 
Bidens  chrysanthemoides,  Helenium  auiumnaley  and  Cnicus  lanceolatus. 

Robertson,  1896,  pp.  176-178.  Carlinville,  Ilunois;  at  Silphium  per- 
foliatumy  Heliopsis  Icevis,  and  Rudbeckia  lacinatia. 

Robertson,  1897,  p.  355,  considers  dentiventris  Provancher,  1888,  p.  299, 
^pennsylvanicoy  but  see  trinoodis;  and,  1898,  p.  53,  says  that  his  dentiventris 
of  1897  =americana  Lepeletier;  but,  1901,  p.  230  (see  also  1902,  p.  49) 
says  that  Lepelelier's,  1841,  p.  92,  description  of  Macrocera  americana  is  too 
poor  to  justify  its  use  and  he  uses  dentiveniris^  making  desponsa  Smith  a 
doubtful  synonym. 

Smith,  1910,  p.  693.  Gloucester  County  and  Da  Costa,  New  Jersey; 
VII,  VIII. 

Viereck,  1916,  p.  732.  Branford,  Westville,  and  Rockville,  Connecticut; 
VIII;  at  Veronica. 

Cockerell,  1917e,  p.  212.  Falls  Church,  Virginia;  at  Helianthus  annuus 
zonaius. 

See  americana. 

desponsa  Smith,  1854,  p.  310.    9  .    Ohio. 

Provancher,  1882,  p.  174.    St.  Fargeau,  Montreal;  (Couper). 

Robertson,  1894,  pp.  455,  459,  470,  473,  475.  Macoupin  County,  Illinoib; 
at  Solidago  canadensis^  Aster  novceangluEy  Helianthus  grosseserratus y  Coreopsis 
aristosa,  and  Cnicus  altissimus  (also  var.  discolor)  and  lanceolatus. 

Dalla  Torre,  1896,  p.  231,  makes  nigripes  Smith  a  synonym. 

Viereck  et  al.,  1905,  p.  320.    Corvalis,  Oregon;  III. 

Lovell  and  Cockerell,  1906,  p.  109.  Waldoboro,  Maine;  VII-IX;  at 
Carduus  odoratus  and  arvensis,  Pontederia  cordata^  Inula  helenium,  and 
Solidago. 
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Smith,  1910,  p.  693.  Orange  Mountains,  Lucaston,  and  Clementon,  New 
Jersey;  IX,  X. 

Viereck,  1916,  p.  732.  Colebrook  and  New  Haven,  CoNNBcncirr;  VII, 
VIII.    Makes  cnici  Robertson  a  synonym. 

See  cnici  and  dentiventris, 

desponBiformiB  Cockerell  in  Viereck  el  al,   1905,  pp.  319-321.      9  . 

Corvalis,  Oregon;   (('ordley). 
dilecta.    See  TelrcUonia. 
diminuta.    See  Diadasia, 
doncUa.    See  Tetralonia, 

dubitata Cresson,  1878a,  p.  194.    9  *,  cf .  Georgia;  (Ridings,  Morrison). 
Cockerell,  1911,  p.  34,  and  1912c;,  p.  263,  says  that  dubitata  is  a  valid 
species  of  Melissodes^  although  the  name  has  been  used  (e.  g.  Robertson,  1900, 
p.  54)  as  a  synonym  of  Tetralonia  atriventris. 

duplocincta  Cockerell,  1905{/,  p.  103.     c?",    9.     BiU  WiUiam's  Fork, 

Arizona;  VIII;  (Snow). 
edwardsu.    See  Tetralonia, 
enavata.    See  Diadasia, 
epicharina  Cockerell,  1905g,  p.  99.     9  .    Oak  Creek  Canyon,  Arizona; 

6000  ft.;   VII;  (Snow). 
exquisita.    See  Xenoglossa  fulviventris, 
festonata  Provancher,  1888,  p.  300.      9,   cf.     Cap  Rouge,  Ottawa, 

Canada. 
fimbriata  Cresson,  1878a,  p.  203.     9  *,  cf".    Texas;  (Belfrage). 
Birkman,  1899,  p.  245.   Fedor,  Lee  County,  Texas. 
Smith,  1910,  p.  693.   Cape  May,  New  Jersey;  VI;  (Fox). 

flaverice.    See  texana  flaveriod, 

florla  Cockerell,  1896a,  p.  290.    cT ,  9  .    San  Rafael,  Vera  Cruz,  Mexico; 
III;  Sit  Bidens;  (Townsend). 

Cockerell,  18996,  p.  13.    Lower  part  of  Rio  Nautla,  Mexico. 
foxi  Crawford,  1915,  p.  577.     9  *,  cf .    Portland,  Jamaica. 

Melissodes  trifasciata  and  mimica  of  Fox,  1891,  p.  347.    Port  Antonio  and 
Kingston,  Jamaica. 

f rater.    See  Tetralonia, 

fremontii  Cockerell,  1907c,  p.  268.     cf .    Florissant,  Colorado;   VII; 

at  Geranium  fremontii;  (Rohwer). 
frdvitarsis.    See  Tetralonia. 
fulvohirta.    See  Tetralonia, 
galvestonensiB  Cockerell,  1905/,  p.  181.      9,  cf.     Galveston,  Texas; 

V;   (Snow). 
georgica  Cresson,  1878a,  p.  200.    cf.    Georgia;  (Morrison). 
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gilensifl  Cockerell,  18966,  p.  306.  9,  d^.  West  Fork  of  Gila  River* 
(about  7000  ft.)  and  La  Tenaja  (ne^r  Santa  F^),  New  Mexico; 
VII;  (Townsend,  Boyle). 

Cockerell,  1897c,  p.  24.  Dripping  Springs,  Organ  Mountains,  New  Mexico. 
Cockerell,  1901a,  p.  130,  and  1901c,  p.  40.    Las  Vegas,  New  Mexico; 
VII;  at  Cleome  semdata  and  Sidalcea  neomexicana;  (Porter). 
Cockerell,  1905,  p.  103.    San  Pedro,  Caufornia;  VII. 
Viereck,  1906,  p.  238.    Oak  Creek  Canyon,  Arizona;  VIII;  (Snow). 
Cockerell,  1906,  pp.  92,  309.    Colorado.    Magdalena  Mountains,  New 
Mexico  ;    (Snow) .    *  *  Upper  and  Lower  Sonoran. ' ' 
Cockerell,  1907,  p.  397.    Cloudcroft,  New  Mexico;  VI;  (Viereck). 

glenwoodensis  Cockerell,  1905i,  p.  522.  9  .  Glenwood  Springs,  Colo- 
rado; IX;  (Gillette). 

Cockerell,  1906,  pp.  107,  309.     Maxwell  City,  New  Mexico;    IX;    at 
Grindelia;  (Mize).    Rel&ted  to  FlorUeguscondignus.    "Upper Sonoran." 

grandissima  Cockerell,  1905c,  p.  334.     9  .    Fedor,  Lee  County,  Texas; 

(Birkman).    1906c,  p.  361:  d^. 

grindeU»  Cockerell,  1898a,  pp.  66,  67.    d^,  9  .    Santa  F^*  and  Tuerto 

Mountain  (8875  ft.).  New  Mexico;    VII,  VIII;    at  Grindelia, 

LepachySy  and  Rudbeckia,    1899d,  p.  256:   Las  Vegas,  New  Mexico. 

Viereck,  1906,  p.  238.    Oak  Creek  Canyon,  Arizona;  VII,  VIII;  (Snow). 

Cockerell,  1901a,  p.  130,  and  1901c,  p.  40.    Las  Vegas  Hot  Springs,  New 

Mexico;    VII,  VIII;  at  Cleome   semikUaf   Senecio   douglasiiy    Helianthtis 

annuusy  Verbena  Tnacdougalif  Lepachys  columnaris  and  ta^eteSy  and  Verbesina 

encdioides;   (Porter). 

Cockerell,  1905,  p.  103.    La  Jolla,  California;  VIII. 
Cockerell,  1906,  pp.  92,  309.    Organ  Mountains  and  Pecos,  New  Mexico; 
VIII;   at  SphoBTolcea  fendleri.    '' Canadian  to  Lower  Sonoran.''    "Not  quite 
typ  cal"  specimens  from  Oak  Creek  Canyon,  Arizona;  6000  ft.;  (Snow). 
Cockerell,  1910,  p.  257.    Mexico;  (Deppe). 

helens  Cockerell,  1906c,  p.  365.    The  M,  humilior  var.  a  Cockerell, 

1903,  p.  447.     Las  Cruces,  New  Mexico;    VIII;    (Townsend). 

1906,  p.  310:  ^'Middle  Sonoran.^^ 
helianthelli  Cockerell,  1905i,  p.  525.     9  .    Mesilla,  New  Mexico;  VI; 

at  HelianthuH  ciliaris.    1906,  p.  310:  *'  Middle  Sonoran." 
helianthophila  Cockerell,   1914d,  p.  361.      cf.     Boulder,  Colorado; 

VI;  oXHelianihuslenticularis. 
herricki  Cockerell,  1905fir,  p.  98.    cT,  9  .    New  Mexico;  (Snow). 
hewetti  Cockerell,  1905z,  p.  527.     9  .    Santa  F^,  New  Mexico;  VIII ; 

at  Cleome  serrulata.    1906,  p.  309:  "Transition"  zone. 
hexacantha  Cockerell,  1905g,  p.  100.     cT.    Arizona;   VIII;    (Snow). 

Varieties  at  Oak  Creek  Canyon,  Arizona;  6000  ft. 
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hinuta  Smith,  1879,  p.  116.    cf .    Oaxaca,  Mexico. 

Eucera  oajacana  Dalla  Torre,  1896,  p.  242.    New  name. 
Cockerell,  1905e,  p.  328.    Notes  on  type. 

hitei  Cockerell,  1908,  p.  331.  {M.  martini  hitei)  9  .  Pueblo,  Colorado; 
VIII;  {mU}). 

Cockerell,  1909c,  p.  129.     9 .     Piano  (about  17  miles  north  of  Dallas), 
Texas;  X;  (Tucker). 

hanesta.    See  Tetralonia  belfrcigii. 

hortivaganB  Cockerell,  1905/,  p.  180.  cf.  Garden  City,  Kansas; 
VIII;  (Menke).  P.  181:  var.  a;  Morton  County,  Kansas;  3200 
ft.;  (Snow). 

Cockerell,  1906,  p.  107.    Keatchie,  Louisiana;    VI;    (Newell).    Makes 
variabilis  Robertson  a  synonym. 

Cockerell,  1906c,  p.  360.    Fedor,  Lee  County,  Texas;  V,  VI;  (Birkman). 
A  partial  gynandromorph. 

humilior  Cockerell,  1903,  p.  447.  9  .  Organ*  (5100  ft.)  and  Las  Crucee, 
New  Mexico;  VIIL    1906,  p.  309:  "Upper  Sonoran." 

Cockerell,  1914a,  p.  286.   Rito  de  Los  Frijoles,  New  Mexico;  VIII. 
See  helerujp. 

humilior  catalinenesifl  Cockerell,  1995,  p.  102.    (M.intermedieUacata' 

linerms)     9  .    Catalina  Island,  California;  (Davidson). 
hymenozidis  Cockerell,  1906d,  p.  443.     9 .    Florissant,  Teller  County. 
Colorado;  VII;  a,t  Hytnenoxys  ligidceflora  a,nd  Chrysopsis, 
Cockerell,  1916,  p.  269.    Ward,  Colorado;  9200  ft.;  VIII. 
Cockerell,  1918,  p.  160.    Tolland,  Colorado;  VIII. 

illata  Lovell  and  Cockerell,  1906,  p.  110.  9,  cf .  Waldoboro,  Maine; 
VII,  VIII ;  at  Epilobium  angustifoliumj  Inula heUniurn,  and Solidago. 
iHinoensiB  Robertson,  1895,  p.  126.     9 ,  d*.    Carlinville,  Illinois. 

Robertson,  1899,  p.  37.   At  Lepachys  pinnaia. 

Robertson,  1914,  p.  70.    At  Helianthoidese. 

insulari3  Crawford,  1914,  p.  132.    cf.    Dominica;  (Foote).. 
intermedia  Cresson,  1872,  p.  278.     9  .    Texas;  (Belfrage). 

Birkman,  1899,  p.  245.    Fedor,  Lee  County,  Texas. 
See  inlertnediella. 

intermediella  Cockerell,  1905,  p.  102.    9  .  Mesilla  Valley,  New  Mexico 
(intermedia  Cockerell,  1898a,  p.  67).     Los  Angeles,  California. 
1906,  pp.  92,  310:  ^^Middle  Sonoran'';  Arizona. 
intermediella  catalinensis.    See  humilior  caialinensis, 
intorta  Cresson,  1872,  p.  278.    d'.    Texas;  (Belfrage). 
Birkman,  1899,  p.  245.    Fedor,  Lee  County,  Texas. 
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intrudens.    See  Tetralonia, 

kaUstroamiad  Cockerell,  1905/i,  p.  216.    cf .   Mesilla  Park,  New  Mexico 

VII;  a,t  KalUtroemice.    1906,  p.  310:  *' Middle  Sonoran." 
kallstrodmiad  phenacoides  Cockerell,  1905/i,  p.  217.    d^.    Las  Cruces, 

New  Mexico;  VIII. 

M.  communis  Cockerell,  1898a,  p.  66.    Mesilla  Valley,  New  Mexico. 
Cockerell,  1906,  pp.  92,  310.     "Middle  Sonoran.''      M.  communis:   Bill 
William's  Fork,  Arizona;  (Snow.) 

kelloggi  Cockerell,  19196,  p.  293.  d" .  Long's  Peak  Inn,  Colorado;  VII . 
labiatarum  Cockerell,  1896a,  p.  291.     cf.    San  Rafael  and  Paso  de 
Telaya,  Vera  Cruz,  Mexico;  III,  IV;  at  a  labiate;  (Townsend). 
Cockerell,  18996,  p.  13.    Lower  part  of  Rio  Nautla,  Mexico. 

lanierii.    See  Florilegus. 

IcUa,    See  Tetralonia, 

lepida.    See  Tetralonia. 

loBna  Cockerell,  1909d,  p.  148.    d^.    Lee  County,  Texas;  XI;   (Birk- 

man). 
lupina  Cresson,  1878a,  p.  210.    California;  (H.  Edwards). 

Cockerell,  1906,  pp.  31,  309.  Doubts  its  distinctness  from  agilis.  "Upper 
Sonoran."    . 

Cockerell,  1909e,  p.  305.  Colorado  Springs,  Colorado;  VIII;  (Tucker). 
Raton,  New  Mexico.   Notes  on  variation. 

lupina  composita  Tucker,  1909,  p.  281.    d^.    Colorado  Springs,  Colo- 
rado; VIII. 
liUeicornis.    See  Martinella, 

machafirantherap  Cockerell,   1904a,  p.  21.     d".     White  Sands,  New 
Mexico;    and  Buckeye,  Arizona;    IX;    at  Machceranthera  and 
CiLcurbita  palmata.    (?)   9  ;   Phcenix,  Arizona;  X;  at  Helianthus 
annuus.    1906,  p.  310:  "Middle  and  Lower  Sonoran." 
manipularifl  Smith,  1854,  p.  240.    d* .    Georgia. 
Cockerell,  1905e,  p.  329.    Notes  on  type. 

Cockerell,  1907e,  p.  127.  Falls  Church,  Virginia;  IX;  at  Eupatorium; 
(Banks). 

marginella.    See  Entechnia  euglossoides  marginella. 
martini  Cockerell,  1905i,  p.  526.     9 .     Gallinas  River  at  Las  Valles, 
New  Mexico;  VIII. 

Cockerell,  1906,  pj).  93,  309.  At  Peialostemon  oligophyllus.  "Upper 
Sonoran." 

martini  hitei.    See  hitei. 

martinicensis  Cockerell,  19176,  p.  303.    d".    Martinique;  VII;  (Busck). 
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masuca  Cockerell,  1909d,  p.  148.     cf.    Fedor,  Lee  County,    Texas; 
VI;   (Birkman). 

Cockerell,  1917o,  p.  191.  Point  Isabel  and  San  Benito,  Texas;  at  cactus. 
Phlox y  and  Parkinsonia  aculeata;  (W.  P.  Cockerell). 

maura  Cresson,  1865,  p.  188.    9  .    Cuba. 

megacerata  Cockerell,  1906c,  p.  362.    <f,    Fedor,  Lee  County,  Texas  : 

X;   (Birkman). 
melandri  Cockerell,  1906,  p.  109.     9  .    Fedor,  Lee  County,  Texas;  X; 

(Birkman). 
melanosoma,  Cockerell,  1905c,  p.  266.    cf.  Fedor,  Lee  County,  Texas; 

V;  (Birkman). 
menuacha  Cresson,  1868,  p.  388.     (menuachius)      cf .    New  Mexico* 

and  Colorado;  (Lewis). 

Cresson,  1872,  p.  277.    Texas;  (Belfrage,  Boll). 

Cresson,  1876,  p.  209.    Boulder,  Colorado;  (Putnam). 

Uhler,  1877,  p.  783.    Canyon  City,  Colorado;  VIII. 

Cockerell,  1893,  p.  338.   West  Cliff,  Custer  County,  Colorado;  V. 

(?)  Fox,  1893,  p.  118.    Lower  California,  Mexico;  (Eisen). 

Townsend,  1896,  p.  139.    Las  Cruces,  New  Mexico. 

Cockerell,  1897d,  p.  138.  Santa  F6  (7000  ft.).  La  Junta,  and  Fremont 
County,  New  Mexico;  VIII;  at  Argemone  (1897/,  p.  79,  sleeping  in  closed 
flowers  of  A .  platyceras)    and  Grindelia.   Not  in  Mesilla  Valley,  New  Mexico. 

Cockerell,  1898/,  p.  313.  Rinconada,  New  Mexico;  at  BigeUma  [Chryto- 
thamnus]. 

Birkman,  1899,  p.  245.    Fedor,  Lee  County,  Texas. 

Smith,  1900,  p.  693.    Camden  County,  New  Jersey;  (Fox). 

Cockerell,  19036,  p.  77.    California. 

Viereck  et  al.,  1905,  p.  320.   Oregon. 

Cockerell,  1906,  pp.  92,  309.  Denver,  Colorado;  (Johnson).  Las  Vegas 
and  Raton,  New  Mexico.    "  Transition  and  Upper  Sonoran.*' 

Cockerell,  1906rf,  p.  443.  Florissant,  Teller  Cbunty,  Colorado;  VII;  at 
Sidalcea  neomexicana. 

Tucker,  1909,  p.  282.    Colorado  Springs,  Colorado;  VII. 

Cockerell,  1912d,  p.  271:  ''Bertoni  and  Schrotlky  (1910)  state  that  they 
have  received  it  [nigroctnea  Smith,  1854]  from  Texas,  labelled  M,  menuacha. 
A  fenlale  ni^roamea  received  from  Schrottky  has  the  facial  quadrangle  broader 
and  shorter  than  in  menuacha.  It  is  from  San  Juan,  Argentina."  See 
nigrodtnea. 

menuacha  semilupina  Cockerell,  1905,  p.  29.  d^.  Los  Angeles,  Cali- 
fornia;  (Davidson). 

menuacha  submenuacha  Cockerell,  1897rf,  p.  137.  cf .  Las  Cruces  and 
College  Farm,  New  Mexico;  IX;  at  Helianthm  annuus  and 
Verbesina  en^lioides. 
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Cockerell,   1898a,  pp.  66,  73.     Albuquerque  and  Mesilla  Valley,  New 
Mexico;  IX.    1906,  p.  309:  "Upper  to  Middle  Sonoran." 

menuacha  vemonensis  Viereck  ei  al.y  1905,  pp.  319,  320.       9,    cf. 
Vernon,  British  Columbia;  VIII;  (Harvey). 
M.  vemonensis  Cockerell,  1906,  p.  78. 

microsticU  Cockerell,  in  Viereck  et  a/.,  1905,  pp.  319-321.     cf .    Van- 
couver Island,  British  Columbia. 
Cockerell,  1906,  p.  113.    Colorado. 

mimica  Cresson,  1869,  p.  298.    {mimicus)    cT .    Cuba. 
Ashmead,  1900,  p.  210.    Grenada  and  St.  Vincent. 
See  foxi. 

mixe»  Cockerell,  1905t,  p.  522.  9  .  Las  Vegas,  New  Mexico;  VIII; 
at  Grindelia  inomata;  (Mize).  *' Upper  Austral  zone.'*  1906, 
p.  309:  ''Upper  Sonoran.'' 

Cockerell,   1912fc,  p.  448.     Ablmtt   Ranch,   Rito  de  los  Frijoles,   New 
Mexico;  VIII. 

modesta.    See  Thygater, 

montana  Cresson,  1878a,  p.  202.  9*,  cf.  Colorado*,  (Ridings). 
New  Mexico;  (I^ewis). 

Townsend,  1896,  p.  139.    Las  Cruces,  New  Mexico. 
Cockerell,  18966,  p.  308.    West  Fork  of  the  Gila,  New  Mexico;   about 
7000  ft.;  VII;   (Townsend). 

Cockerell,  1897r,  pp.  21,  24,  28.    Dripping  Springs  (Organ  Mountains) 
and  Mesilla  Valley  (3800  ft.).  New  Mexico. 

Birkman,  1899,  p.  245.    Fedor,  Lee  Coimty,  Texas. 

Viereck,  19036,  p.  728.    San  Pedro  and  La  Jolla,  California;  VII,  VIII; 
(Cockerell). 

Cockerell,  1906,  pp.  92,  309.     Oak  Creek  Canyon,  Arizona;    (Snow). 
^ '  Upper  Sonoran . ' ' 

montezuma.    See  Thygater. 

morosa  Cresson,  1878a,  p.  193.     9  .    Mexico:  (Sumiehrast). 
morrilli.    See  himaculata  morrilli. 

mysops  Cockerell,  1905d,  p.  146.  cT,  9  .  Maybell*  and  Virginia  Dale, 
Colorado;  VIII;  at  thistle;  (Johnson,  Bishopp). 

Cockerell,  1907c,  p.  269.    Florissant,  Colorado;   VII;   at  Carduus  acau- 
lescens. 

Cockerell,    \9\0d,   p.   128.     Near  Axial,   Cou)rado;    Rudbechia  ampla, 
(Robbins). 

nevadensis  Cresson,  1874,  p.  102,  and  1875,  p.  726  (not  1879,  p.  209; 
see  Tetralonia  intrudens).    d^.    Nevada;   (Yarrow). 

Cockerell,  1897c,  p.  28.    Mesilla  Valley,  New  Mexico;  3800  ft. 
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nigra.    See  bimaculata, 

nigricomis.    See  Tetralonia. 

nigrifrons.    See  Diadasia, 

nigripes  Smith,  1854,  p.  311.     9 .    United  States.    For  his  cf,  see  cnici. 

Provancher,  1888,  p.  300.   Cap  Rouge,  Ottawa,  Canada. 

Synhalonia  nigripes  Robertson,  1895,  p.  126. 

Dalla  Torre,  1896,  p.  231,  makes  it  a  synonym  of  desponsa  Smith. 

Robertson,  1900,  p.  63,  considers  that  Smith's,  1854,  p.  311,   9  (not  d^) 
Emphor  bombiformis  belongs  here. 

Smith,  1910,  p.  693.  Newark,  New  Brunswick,  Jamesburg,  Lahaway, 
Prospertown,  Riverton,  and  Westville,  New  Jersey;  V,  VI. 

nigripes.    See  Emphor, 

nigroanea  Smith,  1854,  p.  305.    (Tetralonia)     9  .    Brazil. 

Cockerell,  1912(2,  p.  271.   San  Juan,  Argentina.   See  menuacha, 
Tetralonia  nigroamia  Friese,  1916,  p.  295.   San  Jos6,  CosrA  Rica;  (Schmidt) . 

nigroBignata  Cockerell,  1905g,  p.  101.    9  .  Oak  Creek  Canyon,  Arizona; 
6000ft.;  VIII;  (Snow). 

Cockerell,  1906,  pp.  109,  309.  San  Ignacio,  New  Mexico;  VIII;  (W.  P. 
Cockerell).    "Upper  Sonoran.'* 

nigrosignata  paUidisignata  Cockerell,  1905/,  p.  180.     9  .     Oak  Creek 

Canyon,  Arizona;  6000  ft.;  VIII;  (Snow). 
nivea  Robertson,  1895,  p.  127.      9 .     Carlinville,  Illinois.     1896,  p. 
175:    at  Aster  ericoides  villosus,     1897,  p.  354,  describes  the  cf . 
1898,  p.  53,  suggests  that  it  may  be  snomi, 

Robertson,  1898a,  pp.  230,  244.    At  Leepedeza  reticulata  and  Helianthus 
divaricatua. 
Cockerell,  1907c,  p.  128.    Falls  Church,  Virginia;  IX;  (Banks). 

oaja^ena.    See  hirsuta. 

obliqua  Say,  1837,  p.  403.    (Macrocera)    cf" .    Indiana. 

Cresson,  1872,  p.  275.    Texas;  (Belf rage.  Boll,  Heiligbrodt). 

Robertson,  1891a,  p.  573.    At  Asdepias  comuii, 

Robertson,  1894,  pp.  451-476.  Macoupin  County,  Illinois;  at  Vemonia 
fascicuUjAa  (printed  novehoracensis  but  changed  by  the  author  in  copies  sent 
out),  Lacinaria  [** Liatris*']  pycnostachyaj  Solidago  misaourieneiSj  SUphium 
iniegrifolium,  Echinacea  purpurea  (tried  in  vain  to  collect  pollen),  Rudbeckia 
hirta  and  triloba^  Lepachya  pinnatay  Helianlhus  moUiSy  grosaeserratuSy  atrumo- 
ausy  and  tuheroauay  Verbeaina  helianihoidesy  Coreopaia  tripterisy  and  Cnicua 
altiaaimua  discolor  and  loTiceolatua, 

Robertson,  1896,  pp.  176-178.  Carlinville,  Illinois;  at  SUphium  per- 
foliatumj  Heliopsia  lams  and  Rudbeckia  laciniata. 

Townsend,  1896,  p.  140.    Las  Cruces,  New  Mexico. 

Cockerell,  1896,  p.  305.    Santa  F^,  New  Mexico;  at  Cleome  semUata. 

Cockerell,  1897c,  p.  28.    MesiUa  Valley,  New  Mexico;  3800  ft. 
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Robertson,  1898o,  p.  244.    At  Helianlhua  divaricatua. 

Cockerell,  1899,  p.  157.    Mesilla  Valley,  New  Mexico;  VII;  (Barber). 

Cockerell,  1899c,  p.  3.    Baldwin,  Douglas  County,  Kansas;   (Bridwell). 

Birkman,  1899,  p.  245.  Fedor,  Lee  County,  Texas;  V;  (See  Cockerell, 
1905c,  p.  335). 

Cockerell,  19036,  p.  77.   California. 

Cockerell,  1904,  p.  8.    Pecos,  San  Miguel  County,  New  Mexico;  VIII. 

Robertson,  1905,  p.  368.    Carlinville,  Illinois. 

Cockerell,  1906,  p.  309.  Las  Vegas,  Pecos,  and  Raton,  New  Mexico 
"Transition  to  Middle  Sonoran." 

Tucker,  1909,  p.  278.    Lawrence  and  Wichita,  Kansas;  VII,  VIII. 

Smith,  1910,  p.  693.    Camden  County,  New  Jersey. 

Grsenicher,  1911,  p.  247.  Hudson  in  St.  Croix  County,  and  Prescott  and 
Maiden  Rock  in  Pierce  County,  Wisconsin;  VII,  VIII;  at  Lepachys  pin- 
natCf  Rudbeckia  hirta^  and  R,  laciniaia. 

Cockerell,  1911,  p.  390.    Sterling,  Colorado;  VIII;  at  Helianthus. 

Cockerell,  19146,  p.  411.   Clarendon,  Texas:  VIII;  (Jones). 

olivacea.    See  Dasiapis. 

opuntiella  CockereU,  1911,  p.  131.    cf*,  9  .    Brownsville*,  Hondo,  and 

Cotulla,  Texas;    III-IV;    at  Opuntia  lindheimert;  (Jones,  Pratt, 

Mitchell,  Crawford). 
otomita  Cresson,  1878a,  p.  209.    cf .    Mexico;  (Sumichrast). 
pallida  Robertson,  1895,  p.  127.    9  .  CarlinviUe,  Illinois. 
pallidicincta  Cockerell,  18966,  p.  306.     9  .    West  Fork  at  Gila*  River, 

Santa  F4,  and  Watrons,  New  Mexico;  VI,  VII;  at  alfalfa. 

Cockerell,  1897c,  p.  22.  Pinos  Altos  (at  hollyhock)  and,  in  Organ  Moun- 
tains, Dripping  Springs  and  Soledad  Canyon,  New  Mexico. 

Cockerell,  1901a,  p.  130,  and  1901c,  pp.  40,  43.  Las  Vegas  and  Romers- 
ville.  New  Mexico;  VII;  at  Cleome  serrulataf  Trifolium  repensf  Malvastruin 
dissectunij  SidiUcea  neomexicana,  Verbena  macdougali^  SphcBrcHcea  lobata^ 
Asclepias  verticUlataj  and  Lycium  vtdgare;  (Stem). 

Cockerell,  1904,  p.  8.  Pecos,  Sftn  Miguel  County,  New  Mexico;  VI; 
asleep  in  Pentstemon  flowers  in  rainy  weather;  (Grabham). 

Cockerell,  1906,  pp.  92,  109,  309.  Bill  William's  Fork  and  Oak  Creek 
Canyon,  Arizona;  (Snow.)  Boulder,  Colorado;  VII;  at  Opuntia;  (W.  P. 
Cockerell).  Magdalena  Mountains  (Snow)  and  Gibson  (Gohrman),  New 
Mexico.  Clark  County,  Kansas;  1962  ft.;  (Snow).  "Transition  to  Upper 
Sonoran." 

Cockerell,  1906rf,  p.  443.  Florissant  and  east  of  Lake  George,  Colorado; 
VI,  VII;  at  Iris  missouriensiSf  Crepis  rundruda,  and  Senecio, 

Cockerell,  1907,  p.  397.  Alamogordo,  Cloudcroft,  and  Highrolls,  New 
Mexico;  V,  VI;  (Viereck). 

See  tristis. 

paUidisignata,    See  nigrosignata  pallidisignata, 
palustris.    See  Florilegus  condigna. 
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paroselsB  Cockerell,  1905/,  p.  528.     cf .    Mesilla,  New  Mexico;    VII; 

at  Parosela  sco^yaria.    1906,  p.  310:  '*  Middle  Sonoran/' 
pecosella  Cockerell,  1905/,  p.  179.     9.    Pecos,  New  Mexico;   (W.  P. 

Cockerell).    1906,  p.  309:  "Upper  Sonoran/' 
pecosella  verbesinarum.    See  Xenoglossodes  excurrens. 
pennsyhanlcaLepeletier,  1841,p.  97.     {Mdcrocera)  cf.   Pennsylvania. 
Smith,  1854,  p.  312. 

Cresson,  1872,  p.  280.    Texas;  (Belfrage). 
Uhler,  1877,  p.  783.    Canyon  City,  Colorado;  VIII. 

Robertson,  1897,  p.  355,  makes  denliveniris  Provancher,  1888,  p.  299,  a 
synonym,  but  see  trinodis. 

Robertson,  1898a,  p.  244.  Carlinville  (?),  Illinois;  at  Helianihus  divari- 
catus. 

Smith,  1910,  p.  693.    New  Jersey;  (Beutenmtiller). 

pemigra  Cockerell,  1896o,  p.  289.    d^.  San  Rafael  and  Paso  de  Telaya, 
Vera  Cruz,  Mexico;  III;  hi  Iponum;  (Townsend). 
Cockerell,  18996,  p.  13.    Lower  part  of  Rio  Nautla,  Mexico. 

perplexa  Cresson,   1878a,   p.   206.      9*,    cf.     Georgia*;    (Morrison). 
Texas;   (Belfrage). 

Robertson,  1891a,  p.  582,  596,  597.  Carlinville,  Illinois;  at  Datura  tatula^ 
Gerardia  purpurea^  and  tenuifolia. 

Robertson,  1894,  pp.  451^75.  Macoupin  County,  Ilunois;  at  Vemonia 
fasciculata  (printed  rtoveboracerisis  but  changed  by  author  in  copies  sent  out), 
Solidago  missouriensis  canadensis  and  lanceolatay  Aster  novceanglice  and  pom- 
culalusy  Rudbeckia  hirta  and  triloba^  Lepachys  pinnaJta^  Helianthus  grosseser- 
ralus,  Coreopsis  aristosa,  Bidens  chrysanihemoides^  and  Helenium  aulumnak. 

Rolwrtson,  1896,  pp.  176,  177.  Carlinville,  Illinois;  at  SUphium  per- 
foliatum  and  Heliopsis  Icevis. 

Cockerell,  1899c,  p.  3.    Baldwin,  Douglas  County,  Kansas;  (Bridwell). 

Viereck,  1903a,  p.  119.    College  Park,  Maryland;  IX. 

Smith,  1910,  p.  693.    Newark,  Riverton,  Manumuskin,  and  Belleplain, 
New  Jersey    VIII,  IX. 

Viereck,  1916,  p.  732.  Ea.st  Hartford,  Hartford,  and  Salisbury,  Connecti- 
cut;   VIII. 

penonatella  Cockerell,  1901,  p.  297.    cf .    La  JoUa,  San  Diego  County, 

California;  VIII. 
petalostemonis  Robertson,  1900,  p.  53.    Carlinville,  Illinois. 
petulca  Cresson,  1878a,  p.  201.     9  .    Georgia;  (Morrison). 

Cockerell,  1906,  p.  92.    Fe<lo-,  Lee  County,  Texas;  V;   (Birkraan). 

petulca  Buflusa  Oesson,  1878a,  p.  203.    (M,  suffnsa)     9  *,  cf.     Tex-\s; 
(Belfrage,  Heiligbrodt). 

M.  suffma  Fox,  1893,  pp.  21,  118.  San  .Jos<5  del  Cabo  and  Me.sa  Verde, 
Jx)wer  California,  Mexico;   X;   (Eison). 
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M.  sujBfusa  Birkman,  1899,  p.  245.    Fedor,  Lee  County,  Texas. 
Cockerell,  1906,  p.  92.    Flagstaff,  Arizona;  VIII;  (Snow). 
CockereU,  1906c,  p.  360.  V,  VI. 

M.  sujBfusa  Cockerell  1914a,  p.  286,  and  19146,  p.  414  ( d^  var.) .    Falf urrias ; 
Texas;  V;  at  Helianthus;  (Morgan). 

petulciformis  Cockerell,  1906c,  p.  364.     9  .    Fedor,  I^e  County;  Texas; 

VI;  (Birkman). 
phenacoides.    See  kallstrcemice  phenacoides. 

philadelphica  Lepeletier,  1841,  p.  110.      {Macrocera)     cf .     Pennsyl- 
vania. 

Smith,  1854,  p.  312. 
pimella  Cockerell,  1906c,  p.  363.    cf".    Arizona. 
pinguis  Ctesson,  1878a,  p.  216.     9  *,  cf.    Mexico;  (Siunichrast). 

Cockerell,  18976,  p.  157.    San  Rafael  and  Paso  de  Telaya,  Vera  Cruz, 
Mexico;  III,  IV;  a.t  Sida;  (Townsend).    New  description  of  9. 
Cockerell,  18996,  p.  13.   Lower  part  of  Rio  Nautla,  Mexico. 

pinguis  velutinella  Cockerell,  18976,  p.  158.    cf .  San  Rafael,  Vera  Cruz, 

Mexico;  III;  at  Sida;  (Townsend). 
pralauta  Cockerell,  1905</,  p.  102.     cf .    Oak  Creek  Canyon,  Arizona; 

9000  ft.;   (Snow). 
pruinosa.    See  Xenoglossa. 
puUata  Cresson,  1865,  p.  189.     9  *,  d'.    Cuba. 
pygnKBa.    See  Exomalops^is. 

raphaelis  Cockerell,  1896rt,  p.  292.    cf .    San  Rafael,  Vera  Cruz,  Mexico  ; 
III;  a,t  Ipomcea;  (Townsend). 

Cockerell,  18996,  p.  13.    Lower  part  of  Rio  Nautla,  Mexico. 
Cockerell,  19126,  p.  28.    Quirigua,  Guatemala,  II;  at  Ipomaa  sidoefolia; 
(W.  P.  Cockerell). 

rivalis  Cresson,  1872,  p.  277.    d^.    Texas;   (Belfra|?e,  Boll.). 
robUBtior  Cockerell,  19156,  p.  482.      9,   cf.     Berkeley  and  (cf)  Los 

Angeles,  California;  VIII ;  at  Helianthus  annuus  and  lenticularis, 
rubricata.    See  Thygater, 

rufodentataSmith,  1854,  p.  314.    d".    St.  Vincent;  (Smith). 
ruidosensis.    See  confusa. 
rusticaSay,  1837,  p.  406.    (Macrocera)    cf ,  9  .    Indiana. 

Smith,  1854,  p.  309. 

Patton,  1879,  p.  472.    Cites  this  species  as  the  type  of  Melissodes. 

Provancher,  1888,  p.  300.    Ottawa,  Canada;  (Guignard). 

Evans,  1896,  p.  13.    Sudbury,  Ontakio. 

Birkman,  1899,  p.  245.    Fedor,  Lee  County,  Texas, 

Viereck,  1903a,  p.  119.    College  Park,  Maryland;  IX. 

Smith,  1910,  p.  693.    Newark,  Trenton,  and  Westville,  New  Jersey;  IX. 
"Mr.  Viereck  suggests  that  this  may  be  the  same  as  simillima  Robertson." 
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Graenicher,  1911,  p.  247.  St.  Croix  Dam  in  Douglas  CJounty;  mouths  of 
Nemakagon  and  Yellow  Rivers,  Swiss,  and  Randall  in  Burnett  County; 
Farmington  in  Polk  County;  Hudson  in  St.  Croix  County;  and  Maiden 
Rock  in  Pierce  County;  Wisconsin;  VII,  VIII. 

Viereck,  1916,  p.  732.  Rockville  and  Stafford,  Connecticut;  VIII;  at 
Solidago.    Makes  simillima  Robertson  a  synonym. 

sandiarum.    See  atrifera  sandiarum. 

saponelluB  Cockerell,  1908a,  p.  234.     9 .    Soap  Lake,  Grand  Coulee, 
Washington;   VI;    (Melander).    Suggests  that  it  may  be  Xena- 
glossodes. 
semiagilis  Cockerell,  1906c,  p.  364.    {M.  agilis  semiagilis)     cf .   Fedor, 
Lee  County,  Texas;  V*,  X. 

Cockerell,  19146,  p.  413.     9 .     Quanah*,  Indian  Terkitory  [Texas  ?); 
VI;  htHelianthus;  (Mitchell).    Dallas,  Texas;  IX;  (Bishopp). 
Cockerell,  1919c,  p.  27.    cf.    Boulder,  Colorado;  X;  at  ^cfentwrn. 

seniilupina.    See  memiacha  semilupina. 

semitristis  Cockerell,  1905^,  p.  102.    <f.  Oak  Creek  Canyon,  Arizona; 

6000  ft.;  VII;   (Snow). 
senilis.    See  denticxdaia. 
simllliina  Robertson,  1897,  p.  355.    Carlinville,  Illinois. 

Robertson,  1898a,  p.  244.    At  Hdianthus  divaricalus. 

Lovell  and  Cockerell,  1906,  p.  111.  Waldoboro,  Maine;  VIII,  IX;  at 
Carduus  arvensis  and  Solidago. 

Robertson,  1914,  p.  70.    At  Helianthoidese  and  Asteroideae. 

See  ruslica. 

ffTini».hH  Dalla  Torre,  1896,  p.  247.    (Eiicera)    New  name  for  Melissodes 
calif ornica  Smith,  1879,  p.  114,  not  Cresson.     9  ,  cf .  Caufornla.. 
Cockerell,  1905c,  p.  328.    Notes  on  type. 
snowii  Cresson,  1878a,  p.  211.    cf.    Colorado;  (Snow). 

Robertson,  1898,  p.  53.    Suggests  that  nivea  may  be  a  synonym. 
AT.  agilis  snotvii  Tucker,  1909,  p.  278.    Denver,  Colorado;  VIII. 

spedosa.    See  Teirdlonia, 

8ph»ralce»  Cockerell,  18966,  p.  304.     d^.     Santa  F4,  New  Mexico; 
VII;  at  Sphceralcea  angustifolia, 

Cockerell,  1904,  p.  8.  Pecos,  San  Miguel  County,  New  Mexioo;  VIII; 
at  Sphceralcea  fendleri;  nest.    1906,  p.  309:  "Transition  to  Upper  Sonoran.'' 

8pi88a  Cresson,  1872,  p.  280.  9  .    Texas;    (Belfrage). 

steamsi.    See  Examalopsis. 

strenua.    See  Xenoglossa. 

stretchii.    See  Tetrcdonia, 

Buavifl  Cresson,  1878a,  p.  210.     9  .    Colorado;  (Morrison). 
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svbagilis.    See  agilis  subagilis. 
submenuacha.    See  menxmcha  sitbmenuacha. 
suffiLsa.    See  petulca  sufficsa. 
sumichrasti.    See  Dtadasia. 

tenultanrtg  Cockerell,  1905fif,  p.  99.    d^.    Arizona;  VIII;  (Snow). 
tepaneca  Cresson,  1878a,  p.  211.    9  *,  cf.    Mexico;  (Sumiehrast). 
tepaneca  aschenbomiana  Cockerel!,  1912b,  p.  28.    <f.   Gualan,  Guate- 
mala; at  Vemonia  ascheribomiana;  (W.  P.  Cockerell). 
tepida  Cresson,  1878a,  p.  210.     9.    Nevada;  (Edwards). 

Cockerell,  19036,  p.  77.    Caufornia. 
tezana  Cresson,  1872,  p.  276.      9,   cf*.     Texas;    (Belfrage,  Boll). 

Uhler,  1877,  p.  783.    Colorado  Springs,  Colorado;  VIII. 

Birkman,  1899,  p.  245.   Fedor,  Lee  County,  Texas. 

tezana  flaveria  Cockerell,  1906,  pp.  108,  310.      9.     RosweU,  New 
Mexico;  VIII,  IX;  at  Flaveria  angtistifoUa.    '*  Middle  Sonoran.*' 
thelypodii  Cockerell,  1905i,  p.  527.     9  .    La  Cueva,  Organ  Mountains, 
New. Mexico;  about  5300  ft. ;  at  Thelypodium  linearifolium;  IX; 
(Townsend). 

Cockerel],  1906,  pp.  107,  309.  Las  Cruces,  New  Mexico;  VIII;  at 
Ipomcea  mexicana.    "  Upper  to  Middle  Sonoran." 

thurberio  Cockerell,  1914e,  p.  31.    9  .  Stone  Cabin  Canyon,  Santa  Rita 
Mountains,  Abizona;   at  Thurberia  thespenoides;  VIII;   (Pierce). 
toluca.    See  Entechnia, 

townsendi  Cockerell,  18966,  p.  304.     cT.     La  Cruces,  New  Mexico; 
VIII;  (Townsend). 

Cockerell,  1897c,  p.  28.  Mesilla  Valley,  New  Mexico;  3800  ft.  1906, 
p.  310:  "MddleSonoran." 

trifasciata  Cresson,  1878a,  p.  208.    9  .    Porto  Rico;  (Klug). 

See  foxi. 
trifasciateUa  Ashmead,  1900,  p.  210.     9  .    Kingstown,  St.  Vincent. 
trinodis  Robertson,  1901,  p.  231.    A  new  name  for  pennsylvanica  Robert- 
son, 1897,  p.  355.    Carlinville,  Illinois. 

Smith,  1910,  p.  693.    Chester,  New  Jersey;  IX. 

Graenicher,  1911,  p.  247.  Mouth  of  Yellow  River  and  Randall  in  Burnett 
County,  Farmington  in  Polk  County,  and  Hudson  in  St.  Croix  County, 
Wisconsin;  VII,  VIII. 

tristiB  Cockerell,  1894,  p.  234.  cf .    I.as  Cruces,  New  Mexico;  VIII. 

Cockerell,  18966,  p.  304.  d".  Mesilla  Valley  and  San  Marcial,  New 
Mexico. 

Cockerell,  1897c,  p.  24.  Dripping  Springs,  Organ  Mountains,  New 
Mexico. 
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Cwkerell,  1899,  p.  156.  Mescalero  Indian  Agency  on  Tularosa  Creek,  Net 
Mexico;  VII;  (Barber). 

Cockerell,  19006,  p.  218.    Juarez,  Mexico;  X;  at  Iponuea  mexicana, 

Cockerell,  1901c,  p.  40.  Las  Vegas,  New  Mexico;  VII;  at  Cleome  ser- 
rulata.    Probably  the  cf  of  pallidicinda. 

Cockerell,  1906,  pp.  92,  309.  Oak  Creek  Canyon,  Arizona;  (awwi. 
Magdalena  Mountains  (Snow)  and  Raton,  New  Mexico.  "  Upper  to  Middle 
Sonoran." 

Cockerell,  1907,  p.  397.  Alamogordo  and  Highrolls,  New  Mexico;  V. 
VI;  (Viereck). 

tristis  malTina  Cockerell,  1902a,  p.  177.    d".    Cerro  Chilicote,  Chihua- 
hua, Mexico;  III;  at  (?)  Sidalcea, 
tuckeri  Cockerell  1909c,  p.  129.    9.   Piano  (about  17  miles  N.  of  Dallas), 

Texas;  X;  (Tucker). 
ursina.    See  Diadasia  enavata. 
variabilis  Robertson,   1905,   p.   368.      9,    cf.     Carlinville,    Illixois- 

See  horitvagans, 
veMineUa,    See  pinguis  velutinella. 
verhesinnrum.  See  pecosella  verhesinaram. 
vemonensis.    See  menuacha  vemonensis. 

yemoni»  Robertson,  1902,  p.  323.     9,  cf.    CarUnville  (?),  Illinois. 
Cockerell,  1909,  p.  26.    Malcolm,  Nebraska;  IX;    Birkman). 
Graenicher,  1911,  p.  247.    Hudson  in  St.  Croix  County,  and  Prescott  and 
Maiden  Rock  in  Pierce  County,  Wisconsin;  VII,  VIII;  at  Vemonia. 

vemoniana  Robertson,  1905,  p.  368.      9,  cf.     CarUnville,  Illixois, 
Robertson,  1914,  p.  69.    At  Veronnia. 

wheeleri  Cockerell,  1906,  p.  111.  9.  Fedor,  Lee  County,  Texas; 
V;   (Birkman).    1906c,  p.  367:   cf. 

wickhami  Cockerell,  1906,  p.  112.  9.  Fedor,  Lee  County,  Texas; 
V;   (Birkman). 

xanthopteralis  Cockerell,  1906c,  p.  362.  d^.  Fedor,  Texas;  V;  (Birk- 
man). 

Peponapis 
See  Xenoglossa, 

Synhalonia 
Emended  to  Synalonia  by  Robertson,  1905,  p.  365.    See  Tetralonia. 

Tbtralonia  Spinola,  1838,  p.  538 
As  indicated  elsewhere,  we  are  using  in  this  list  the  names  most  in 
use  at  present  but  it  is  not  out  of  place  to  point  out  certain  difficulties. 
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Spinola  proposed  the  above  name  in  the  first  paragraph  of  his  descrip- 
tion of  bdsizona,  substituting  it  for  Latreille's,  1825,  p.  464,  Macrocera, 
preoccupied  by  Meigen  in  Diptera.  In  the  last  paragraph  of  his  discus- 
sion of  basizona  he  raises  the  question  as  to  ruficomis  belonging  here. 
He  had  apparently  not  seen  ruficomis.  It  would  seem  logical  to  consider 
basizona  as  the  type  of  the  genus.  The  other  species  included  by  Spinola 
were  atricomis,  grohmanni,  and  tarsata.  Patton,  1879,  p.  472,  gave 
Macrocera  antennaia  I^epeletier  =  Eucera  antennata  Fabricius=ilpis 
malvce  Rossi  as  the  type  of  Teiralonia  but,  as  Spinola  did  not  originally 
include  this,  Patton  was  not  in  order — or  would  not  now  be.  See  also 
Cockerell,  190b,  p.  105,  and  1912rf,  p.  262. 

Dalla  Torre  and  Friese,  1895,  p.  56,  make  Teiralonia  a  subgenus 
of  Eucera,  See  also  Dalla  Torre,  1896,  p.  223.  Much  of  the  recent 
literature  has  considered  Teiralonia  as  a  distinct  genus  with  Synhalonia 
Patton,  1879  (type:  fvlvitarsis),  and  Eusynhalonia  Ashmead,  1899 
(type:  edwardsii),  as  synonyms.  There  is  considerable  confusion  with 
Xenoglossa  and  this  is  probably  the  case  in  Friese's  1916  paper. 

Robertson,  1905,  p.  366,  gives  keys  to  Illinois  species  under  the 
name  Synaionia  (emended  Synhalonia).  Cockerell,  1912d,  gives  an 
anotated  list  and,  1914a,  p.  284,  a  key. 

acerba  Cresson,  1879,  p.  210.    (Melissodes)      9.  Nevada;  (Morrison). 

Synhalonia  acerba  Patton,  1879,  p.  474.  Suggests  that  it  may  be  the  9  of 
edwardsii  Cresson. 

Synhalonia  acerba  Fowler,  1899,  p.  138.  Berkeley  and  San  Mateo  County, 
California;  IV,  V  (Fowler,  1902,  p.  321);  at  Brassica  campestris  and 
Ranunculus  califomicus. 

Anthophora  urbana  (misprint  for  Synhalonia  acerba)  Cockerell,  1905,  p.  31. 
Los  Angeles,  California;  (Davidson). 

actuosa  Cresson,  1878a,  p.  208.    (Melissodes)      9  .    California;    (H. 
Edwards). 

Melissodes  actuosa  Cockerell,  1905,  p.  30.     cT.    Lancaster,  Caufornia; 
(Davidson). 

Synhalonia  actuosa  Viereck  et  al.j  1905,  p.  318.  cT.  Corvallis,  Oregon; 
V,  Vll. 

Bray,  1917,  p.  94.    Claremont,  California;  (Baker). 

albicans  Provaneher,  1896,  p.  27.     (Synhalonia)      cf.     Los  Angeles, 
California;  (Coquillett). 

Synhalonia  albicans  Fowler,  1902,  p.  321.    San  Gabriel,  California;  VI. 
Cockerell,  1906,  p.  101. 

albopilosa Fowler,  1899,  p.  138.  (Synhalonia)  cT.  Berkeley,  California; 
IV;  at  Ranunculus  calif orniciis. 
Cockerell,  1906,  p.  101. 
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analis.    See  Thygater. 

angustior.    See  edwardsii. 

anzw  Cockerell,  1906,  p.  114.     9  .    Gibson,  New  Mexico;   IX;  (Anna 

Gohrman). 
apicidata.   See  Xenoglossa, 
aragaUi.    See  f  rater  aragalli. 
argyrophila  Cockerell,  1909d,  p.  147.     cf .  Lee  County,  Texas;    III: 

(Birkman). 
astragallna  Cockerell,    1905a,   p.   271.     (Synhalonin)      cf.     Boulder, 
Colorado;  VI;  B,t  Astragalus;  (W.  P.  Cockerell). 
Cockerell,  1906,  p.  101. 
airifrons.    See  Melissodes  carolinensis. 

atriventris  Smith,  1854,  p.  310.    (Melissodes)     <f,     "North  America?*^ 
Synhdonia  atriveniria  Cresson,  1887,  p.  305. 

Synhalonia  atriventris  Robertson,   1891a,  pp.  581,  591.     At    Mertensia 
virffinica  and  Pentstemon  IwvigcUus  digitcdis. 

Synhalonia  atriventris  Robertson,  1897,  p.  353.    Carlinville  and  Algonquin. 
Ilunois.    These  localities  are  probably  correct  although  the  83monomy  is 
wrong;  see  Cockerell,  1912d,  pp.  263, 268, 271. 
Cockerell,  1906,  p.  101.    Eastern  States. 

Synhalonia  atriventris  Britton  and  Viereck,  1906,  pp.  210  and  217.    Con- 
necticut; at  Ribes  oxyacanthoides  and  Pyrus  malus. 

Smith,  1910,  p.  693.    New  Brunswick,  Jamesburg,  and  Clementon,  New 
Jersey;  V. 

Synhalonia  atriventris  Robertson,  1914,  p.  73.    Carlinville,  Ilunois;   at 
Papilionaceae. 

Viereck,  1916,  p.  733.    New  Haven,  Westville,  and  Branford,  CoNNECTicrT; 
V. 

See  illinoensis  and  robertsoni  and  Melissodes  dubitata. 

atriventris  fuscipes.    See  robertsoni, 

barticeps  Friese,  1916,  pp.  295,  311.     d".     San  Jos^,  Costa  Rica; 

(Schmidt). 
belfragii  Cresson,  1872,  p.  278.     (Melissodes)      9 .    Bosque  Cx)unty, 
Texas*;  (Belfrage). 

Melissodes  honesta  Cresson,  1872,  p.  279.     cf .    Bosque  County,  Texas*. 
3feiis«o<fe«  ^o?i€«to  Cresson,  1876,  p.  209.    Green  River,  Wyoming;  (Put- 
nam). 

Synhalonia  Jionesia  Pat  ton,  1879,  p.  474. 

Synhalonia  honesta  Robertson,  1891a   pp.  578,  579,  581,  589,  591.     At 
Polemonium   reptans,   HydrophyUum  appejirdiculaiumj   Mertensia  virginicoj 
Collinsia  vema,  and  Pentstemon  puhescens  and  Icetngatus  digitalis. 
Synhalonia  helfragei  Robertson,  1895,  p.  126.    Illinois. 
Synhalonia  helfragei  Rol)crtson,  1896,  p.  160.     Carlinville,  Illinois;   at 
^Esculus  glabra. 
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Synhalonia  honesta  Birkman,  1899,  p.  245.    Fedor,  Lee  County,  Texas. 
Cockerell,  19066,  p.  279.  On  p.  101  he  unites  helfragii  and  honesta  on  the 
authority  of  Robertson. 
Seefowleri  and  virgaia. 

bifasciata  paUescens  Friese,  1916,  pp.  295,  329.     9  .   San  Jos^,  Costa 

Rica;  (Schmidt). 
birkmanniella  Cockerell,  1906,  pp.  93,  101.     d'.     Fedor,  Lee  County, 

Texas;  IV;  (Birkman). 
hrevicornis.    See  Xenoglossa. 

califomica  Cresson,  1878a,  p.  196.     {Melissodes)      d^.     ('alifornia; 
(H.  Edwards). 

Synhalonia  ccUifornica  Cockerell,  1904,  p.  235. 
Co<;kerell,  1906,  p.  101. 
See  fowleri. 

cajennensis.    See  Melissodes. 

chry8obotry»  Cockerell,  1908,  p.  332.      9,  cf.     Boulder,  Colorado; 

V;  at  Ribes  or  Chrysobotrya;  (Hite). 
chryBophila  Cockerell,  1914a,  p.  284.     9 .    Las  Vegas,  New  Mexico; 

V;  Sit  Ribes  aureum. 
eordl63ri  Viereck,  1905,  p.  316.    (Synhalonia)     9  ,  cf .    Corvalis,  Oregon; 

V-VIL 

Cockerell,  1906,  p.  101. 

cordleyi  orophila  Cockerell,  1914a,  p.  284.    9  .    Boulder,  Colorado;  VL 
costaricexuds  Friese,  1916,  pp.  295,  329.     d^,   9.    San  Jos^,  and  San 

Mateo,  Costarica;  (Schmidt). 
crenulaticornis  Cockerell,  1898,  p.  454.  (MelisHodes)  d^.  Prude's 
Summit*,  Rio  Ruidoso,  New  Mexico;  VII,  VIII;  at  Geranium 
atropurpureum.  Melissodes  crentdcUicomis  maculata  CockereU, 
1898,  p.  455.  d^.  Big  Rock*,  Ruidoso,  New  Mexico;  VII;  at 
Vicia;  (Townsend). 

Metis  odes  crenidaticomis  Cockerell,  1899,  pp.  156,  157.    Mescalero  Indian 
Agency  on  Tularosa  Creek  and  the  Forks  of  Ruidoso  Creek,  New  Mexico; 
Vll;  (Barber). 
Synhalonia  crenulaticornis  Cockerell  and  Porter,  1899,  p.  410. 
Cockerell,  1906,  pp.  97,  101,  and  Viereck,  1906,  p.  242,  Manitou  Park, 
Colorado;   (Snow). 

crenulaticomis  lippioe.    See  XenoglossSden  lippce. 

cresBoniana   Cockerell,    1905/,   p.    177.      {Synhalonia)       9.     Texas; 
(Cresson  Coll.). 

Cockerell,  1906,  p.  101.    Texas. 

Cockerell,  1909,  p.  26.    Malcolm,  Nebraska;  IX;  Vii  Sattyia;  (Birkman). 
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dilecta  Cresson,  1878a,  p.  199.  (Melissodes)  Colorado*;  (Ridings). 
Bosque  County,  Texas;  (Belfrage). 

Synhalania  speciosa  Cockerell,  I905d,  p.  148  (not  of  Cresson).  Fort 
Collin-  and  Boulder,  Colorado;  V;  at  mountain  ash. 

Synhalonia  spedosa  Robertson,  1905,  pp.  366,  367  (not  of  Creaeon).  9, 
cf .    Carlinville,  Ilungis. 

Cockerell,  1906,  pp.  79,  90,  94,  95,  101,  310.  Boulder,  Colorado;  VI;  at 
AragaUus;  (W.  P.  Cockerell).  Baldwin,  Kansas;  (Bridwell).  Las  Vegas 
and  Barela  Mesa,  New  Mexico;  (Anna  Gohrman).  Gives  the  above 
synonomy. 

Cockerell,  1914a,  p.  283.    Bloomington,  Indiana;  V;  (ElUis). 

See  f rater. 

donata  Cresson,  1878a,  p.  208.  (Melissodes)  9 .  Mexico;  (Sumi- 
ehrast). 

CockereU,  1906,  p.  101. 

douglasiana  Cockerell,  19066,  p.  278.     9 .     Steamboat  Rock,  Grand 

Coulee,  Douglas  County,  Washington;  Yl;  (Melander). 
dubitaiu.    See  airiverUns. 

edwardsii  Cresson,  1878a,  p.  195.  (Melissodes)  d^.  California; 
(H.  Edwards). 

Synhalonia  edwardsii  Patton,  1879,  p.  474. 

Synhalonia  eduxirdsii  race  angustior  Cockerell,  1897a,  p.  347.  d^,  9. 
Pasco,  Washington;  V;  (Kincaid). 

Synhalonia  edwardsii  Fowler,  1902,  p.  321.  Berkeley,  California;  III-V; 
at  Brassica  campestriSy  Ranunculus  califomicus  and  Malvastrum  capense. 

Synhalonia  edwardsii  Viereck  ei  al.j  1905,  p.  315.  Corvalis,  Oregon*  V- 
VII.    Venion,  British  Columbia;  V. 

Synhalonia  angustior  Cockerell,  1905,  p.  31.    Los  Angeles,  California; 
(Davidson). 
Cockerell,  1906,  p.  101.    Nevada. 
Cockerell,  1914</,  p.  365.    Claremont,  California;  (Essig). 

edwardsii  latior.    See  lata. 

edwardsii  vagabunda  Cockerell,  1906,  pp.  95,  101.  cf.  Boulder, 
(Colorado;  VI;  (W.  P.  Cockerell). 

Cockerell,  1906a,  p.  74.  At  Phacelia  heterophyUa,  not  Onosmodium  as 
originally  reported. 

fedoris  Cockerell,  1906,  pp.  93,  101.  cf .  Fedor,  Lee  County,  Texas; 
V;  (Birkman).  Suggests  that  it  may  be  a  variety  of  rosoe  (Robert- 
son). 

fervens  Smith,  1879,  p.  112.  9  ,  cf .  IVIendoza  and  Santiago,  Brazil. 
Friese,  1916,  p.  295.    San  Jos<5,  Costa  Rica;  (Schmidt). 

flageUicomis  Smith,  1 879,  p.  1 1 1 .    d^ .    Oaxaca,  Mexico. 
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fowleri  Cockerell,  1905,  pp.  14,  28.  (Synhalonia)  9  .  Los  Angeles  and 
Lancaster,  California;  (Davidson).  Suggests  that  it  may  be  a 
subspecies  of  belfragei  and  states  that  it  is  the  SynhdUmia  ccdif arnica 
of  Fowler,  1899,  p.  137.  9.  Berkeley,  California;  V.  See 
Cockerell,  1904,  p.  235. 

Cockerell,  1906,  p.  101.    Oregon. 

Bray,  1917.  p.  94.    Claremont,  California;  (Baker). 

ftater  Cresson,  1878a,  p.  197.     (Melissodes) cf .   Colorado;  (Morrison) . 

SynhaUmiaf rater  Patton,  1879,  p.  474. 

Synhalonia  frater  Robertson,  1895,  p.  126.  Illinois.  Makes  Melissodes 
speciosa  and  dileda  (Cresson,  1878a,  pp.  198  and  199)  8ynon3ans,  but  see 
1905,  p.  367. 

Synhalonia  frater  Robertson,  1896,  pp.  156,  159,  160,  165.  Carlinville, 
Illinois;  at  Podophyllum  peUaiumy  JEscuius  and  Oymnocladus  canadensis. 

Synhalonia  frater  Cockerell,  1897o,  pp.  347,  348.     9 .    Illinois. 

Synhalonia  frater  Robertson,  1898o,  pp.  234-237.  At  Comus  paniculata, 
VHmmum  pnbescens  and  prunifolium. 

Synhalonia  frater  Cockerell,  1899c,  p.  3.  Baldwin,  Douglas  County, 
Kansas;  (Bridwell). 

See  speciosa  and  tnUice. 

frater  aragalli  Cockerell,  1904a,  p.  25.     (Synhalonia)       9 .     Prospect 
Lake,  Colorado  Springs,  Colorado;  V;  at  Aragallus  laniberti, 
Cockerell,  1908a,  p.  234.    Suggests  that  it  may  be  the  9  oi  fulvUarsis. 

fulvitarslB  Cresson,  1878a,  p.  196.  (Melissodes)  <f,  Colorado; 
(Morrison). 

iSynAaZonia/uZvitor«w  Patton,  1879,  p.  474.  9.  Como  Wyoming;  (Willis- 
ton)  .    Type  of  Synhalonia. 

Synhalonia  fiUvitarsis  Cockerell,  1905i,  p.  204.    Fort  Collins,  Colorado;  V. 

Cockerell,  1906,  p.  101. 

Cockerell,  1908o,  p.  234.  Boulder,  Colorado;  V;  at  vetch;  (Mrs.  C. 
Bennett). 

See  frater  aragalli. 

frdviventris.    See  Xenoglossa. 

fulvohirta  Cresson,  1878,  p.  213.  (Melissodes)  cf.  Georgia;  (Morri- 
son). 

Cockerell,  1906,  p.  101. 

fuscipes.    See  robertsoni. 

fuscotincta  Cockerell,  1905/,  p.  178.  (Synhalonia)  9 .  Oak  Creek 
Canyon,  Arizona;  6000  ft.;  VIII;   (Snow). 

gabbii.    See  Xenoglossa. 

gillettei.    See  speciosa, 

hirBUtior  Cockerell,  1905,  p.  29.  (Synhalonia)  cT.  Banning,  Cali- 
fornia;  (Davidson). 
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CkKskerell,  1906,  p.  101. 

hinutiBsima    Cockerell,    1916,    p.    428.        9.     British    Columbia; 

(Beazeley).    "It  also  has  a  type-written  label,  'Toba/  XXX.    The 

locality  may  be  erroneous/' 
honesta.    See  helfragii, 
idiotes   Cockerell,    1905,   p.    105.      (Synhalohia)       9.     California; 

(Davidson).    "Probably  a  race  of  T.  stretchiV  (CockereU,  1912d, 

p.  264).    It  is  the  Melissodes  sp.  of  Bull.  Soc.  Cal  Ac.  Sci.,  IV,  p.  14. 
iilinoexuds  Robertson,  1902,  p.  49.    (Synhalonia.)    cf .    Carlinville  (?), 

Illinois.    "May  be  the  male  of  atriventris  fuscipes,^^     See  robert- 

soni, 
intrudens  Cresson,  1878,  pp.  209  (nevadensis),  225;  not  1872,  p.  102. 

(Melissodes)    cf.    Nevada;   (Morrison). 

Synhalonia  intrudens  Patton,  1879,  p.  474. 

Synhalonia  nevadensis  Cockerell,  19036,  p.  77.    California. 

Cockerell,  1906,  p.  101.    California;  at  Brassiea, 

joseana  Friese,  1916,  pp.  295,  330.     cf,     9 .    San  Jos4,  Costa  Rica; 

(Schmidt). 
lanierii.    See  Florilegus. 

lata  Provancher,  1888,  p.  302.  (Melissodes)  9  .  Vancouver,  British 
Columbia;  (Taylor). 

Synhalonia  edtoardsii  race  latior  Cockerell,  1897a,  p.  347.     Olympia  (FV- 
VII,  at  Lujnnus)  and  Seattle  (IV,  V),  Washington. 

Synhalonia  lata  Viereck,  et  oZ.,  1905,  p.  320.    Suggests  that  it  may  be  the 
9  of  or  a  var.  of  edwardsii. 
Cockerell,  1906,  p.  101.   Oregon. 

latior.    See  lata. 

lepida  Cresson,  1878,  p.  198.    (Melissodes)      cf .    Texas*;   (Belfrage). 
Colorado;  (  Morrison). 
Cockerell,  1906,  p.  101. 

lippiw.    See  Xenoglossodes. 

lycii  Cockerell,  1897a,  p.  348.  (Synhalonia)  9  .  Mesilla  Valley,  New 
Mexico;  IV;  at  Lycium  iorreyiy  plum,  and  lilac.  See  Cockerell, 
1897c,  p.  28,  and  1897e,  p.  105. 

Cockerell,  1906,  pp.  101,  310.    Engle,  New  Mexico.   At  Astragalus. 
Cockerell,  1911a,  p.  238.    Albuquerque,  New  Mexico;  VI;  fit  Astragalus; 
(J.  R.  Watson). 

macidata.    See  crenulaticomis. 

medicata  Cockerell,  1911,  p.  34.  9.  Medicine  Hat,  Alberta;  V; 
(WilUng). 
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nevadensis.    Frohahly  Melissodes,    See  intrudens. 
nigricomis  Provancher,  1888,  p.  302.     (Melissodes)      cf.    Vancouver, 
British  Columbia;  (Taylor). 
Cockerell,  1906,  p.  101. 

nigripes.    See  Melissodes. 

nigrocenea.    See  Melissodes. 

orophila.     See  cordl^iji  orophila. 

pallescens.    See  bifascinta  pallescem. 

phaceli»  Cockerel!,  1911a,  p.  238.     9 .    Albuquerque,  New  Mexico; 

IV;  at  Phacelia  corrugaia;  (J.  R.  Watson). 
planiventris  Friese,  1916,  pp.  295,  330.     9.    San  Jos^,  Costa  Rica; 

at  Cucurbita;  (Schmidt). 
poetica  Cockerell,  1914a,  p.  424.    d*.    Whittier,  California;   IV;  at 

Convolvulus;  (Timberlake). 
pomonso  Cockerell,  1915c,  p.  230.     cf.     Laguna,  California;    (La 

Follette). 

Bray,  1917,  p.  94.    Claremont,  California;  (Baker). 

pyropyga  Friese,  1916,  pp.  295,  331.     d*.     San  Jos^,  Costa  Rica; 

(Schmidt). 
robertsozii  Cockerell,  1914a,  p.  283.     9 .    Washington*,  District  of 
Columbia;  V.    Garrison,  New  York;  (Eleth  Cattell). 

Synhalonia  atriventris  form  fuscipes  Robertson,  1900,  p.  54.  Carlinville, 
Illinois.  The  name,  fusdpesj  is  preoccupied;  see  Cockerell,  1912d,  p.  264. 
If  this  be  the  9  of  iilinoensis  Robertson,  that  name  has  priority. 

Cockerell,  1916d,  p.  62.  Claremont,  California;  (Baker).  "Can  there 
be  any  error  in  the  locality  label?  " 

ros»  Robertson,  1900,  p.  54.    (Synhalonia)      9  .    CarUnville,  Illinois. 
Cockerell,  1906,  p.  101. 

snoviana.    See  spedosa. 

speciosa  Cresson,  1878a,  p.  198.    (Melissodes^      9.    Colorado;   (Rid- 
injcs,  Morrison). 

(?)  Melissodes  speciosa  Cresson,  1876,  p.  209.  Denver,  Colorado;  (Put- 
nam). 

Synhalonia  speciosa  Patton,  1879,  p.  474. 

Synhalonia  speciosa  Robertson,  1891a,  pp.  578-581,  589,  591.  At  Phlox 
divaricatay  Hydrophyllum  appendiculaium,  Mertensia  virginica^  CoUinsia 
vema,  and  Penistemon  pubescens  and  tcevigatus  digitalis. 

Synhalonia  speciosa  Robetrson,  1894,  pp.  436-445, 476.  Macoupin  County, 
Illinois;  at  Prunus  serotina^  Fragaria  virginiana  illinoensisy  Pyrus  coronaria, 
Crat4Bgtts  cruegalli,  Rosa  humUiSy  and  Krigia  amplexicaulis  [Adopogon 
virginicum]. 
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Synhalonia  apeciosa  Robertson,  1805a,  pp.  143,  145.  cT,  9 .  Carlinville, 
Illinois;  at  Phlox  pilosa, 

(?)  Synhalonia  epecioea  Fowler,  1902,  p.  321.  Berkeley,  California;  IV,  V. 
.  Synhalonia  freUer  Cockerell,  19036,  p.  77.  California  (see  Cockerell, 
1909c,  p.  334). 

Robertson,  1905,  p.  367,  says  that  epeciosa  is  not  a  synonym  of  fraler,  as 
he  gave  it  in  1895,  p.  126.   Carlinville,  Ilunois. 

Synhalonia  giUeUei  Cockerell,  1905i,  p.  203.   Fort  Collins,  Colorado;  VI. 

Synhalonia  giUelei  snodana  Cockerell,  1905f,  p.  179.  c* ;  Clarke  County, 
Kansas;  1962  ft.;  IV;  (Snow). 

Synhalonia  specioaa  Cockerell,  1905^,  p.  14S.  Fort  Collins  and  Boulder, 
Colorado;  V. 

T,  giUeUei  Cockereli,  1906,  p.  liri.   Fedor,  Texas;  V;  (Birkman). 

Cockerell,  1909c,  p.  334.  Lee  County,  Tex  \s;  VI;  dX  Scutellaria;  (Birk- 
man). 

See  dileda  and  truUa. 

Btrotchii  Cresson,   1878a,   p.   207.       (Melissodes)      9.     California; 
(Stretch). 

Cockerell,  1906,  p.  101. 
See  idiotee. 

tenuifasciata  Fiiese,  1916,  pp.  295,  332.     (^,9.    San  Jos^  and  San 
Mateo,  Costa  Rica;  at  Cucurbita;  (Schmidt,  Burgdorf). 

territella  Cockerell,  1905<i,  p.  146.    (Synhalonia)    &.    Palisade,  Colo- 
rado; V;  at  Prunus;  (Gillette). 
Cockerell,  1906,  p  101. 

tnitt»  Cockerell,  1905d,  p.  147.    (Synhalonia)    (^,9.    Trout  Spring, 
Gallinas  Canyon,  New  Mexico;  V,*^  at  Iris  missouriensis.    **Syn- 
halonia  f rater  (not  of  Cresson),  Cockerell,  Amer.  Naturalist,  Vol. 
36,  p.  815  (not  description)." 
Cockerell,  1906,  p  101.    At  Iria. 

vagabunda.    See  edwardsii  vagabunda, 

yirgata  Cockerell,  1905,  p.  100.     (Synhalonia  belfragei  subsp.  virgaia). 
9  .    Los  Angeles,  California;  (Davidson). 

yaldmensiB  Cockerell,  19066,  p.  278.    cf.    Yakima,  Washington;  IV: 
(Melander). 

Tetraloniella 
See  Xenoglossodes. 

THTOATn  Holmberg,  1884,  p.  133 
(Type:  TetraUmia  terminal  Smith) 
Macroglossapis  Cockerell,    18996,   p.    14   (N.   n.   for  Macroglossa 
Radoszkowsky,  1884,  p.  17,  not  Ochsenheimer),  is  a  synonym.     See 
CockereU,  1912d,  p.  273. 
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albUabris  Cresson,  1878a,  p.  209.    (Melissodes)     cT.    Mexico;  (Sumi- 

chrast). 

Macroglossapis  albilabris  Cockerell,  1906,  p.  74. 
Cockerell,  1912d,  p.  273. 

analis  Lepeletier,  1841,  p.  104.    (Macrocera)    cf.    Brazil. 
Tetrahnia  analis  Smith,  1854,  p.  304. 

Macroglossa  oribati  Radoszkowsky,  1884,  p.  18.     9 .    Ori«aba,  Mexico. 
Tetralonia  analis  Friese,  1916,  p.  295.   San  Jos6,  Costa  Rica. 
Macroglossapis  analis  Cockerell,  1906,  pp.  74,  104. 
CockereU,  1912d,  p.  273. 

cockerelli  Crawford,  1906,  p.  160.     (^Macroglossapis)     9 .      San  Jos^, 
Costa  Rica;  3550  ft.;  V,  VI. 

Cockerell,  19126,  p.  29.    Quirigua,  Guatemala;  (W.  P.  Cockerell). 
modesta  Smith,  1879,  p.  115.     (Melissodes)     d^.    Oaxaca,    Mexico. 

Macroglossapis  modesta  Cockerell,  1906,  p.  74. 

Cockerell,  1912d,  p.  273. 

montezuxna  Cresson,  1878a,  p.  194.    (Melissodes)     9*,   d^.    Mexico; 
(Sumichrast). 

Macroglossapis  montezuma  Cockerell,  1906,  pp.  74,  83. 
Cockerell,  1912d,  p.  273. 

nigraviUosa  Crawford,  1906,  p.  160.    (Macroglossapis).    cf.    San  Jos^, 
Costarica;  3550  ft.;  VI;  a.t  Impatiens  and  Dahlia, 

Cockerell,  19126,  p.  29.    Quirigua,  Guatemala;  II;  at  Ipommi  sidasfolia; 
(W.  P.  Cockerell). 

aribazi.    See  analis. 

rubricata  Smith,  1879,  p.  113.     (Melissodes)     9.     Oaxaca,  Mexico. 

Macroglossapis  rubricata  Cockerell,  1906,  p.  74. 
Cockerell,  1912d,  p.  273. 

Macroglossapis  rubricata  Crawford,  1906,  p.  159.    San  Jos^,  Costa  Rica; 
3550  ft.;  VI;  at  Dahlia. 


XSNOOL088A  Smith,  1854,  p.  315. 
(Type:  Xenoghssa  fulva  Smith) 
Dalla  Torre,  1896,  p.  223  includes  it  as  a  subgenus    of   Eucera. 
Tables:  Cockerell,  1896,  p.  192,  and  1906,  pp.  74-90. 

Peponapis  Robertvson,  1902,  p.  324  (Xenoglossa  pruinosa  Say,  the 
type),  is  considered  by  Cockerell,  1912rf,  p.  265,  to  be  a  subgenus. 
angelica  Cockerell.  1902,  p.  103.     cf",  9.    Los  Angeles,  County  Fai-m, 
and  San  Diego,  California;   \^I,  VIII;   at  Cucurbiia  fceiidi*isivi<^ 
and  Ipovicea. 
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Peponapis  angelica  Cockecell,  19036,  p.  77.    This  is  the  *'pruinosa  Fowkr 
not  Say." 
Cockerell,  191H  p.  365.    Fresno  and  Orange  County,  Caufghpoa;  VU. 
angxistior.    See  patricia  angustior. 
apiculata  Cresson,  1878a,  p.  220.     (TeiraUmia)      9-     Costa    Rica* 

(Gabb). 
asaimiliB  Smith,  1879,  p.  114.    (Mdissodes)    9,  cf.    Oaxaca,  Mexico. 
Mdisaodes  aasimilia  Cockerell,  1905e,  p.  329.   Notes  on  type. 
Xenoglossa  (Peponapis)  assimUis  Cockerell,  19126,  p.  24,  and  1912d,  p.  265. 
Quirigua,  Guatemala;  &t  Ipomcea;  (W.  P.  Cockerell). 

brevlcomis  Cresson,  1872,  p.  281.      (Melissodes)  9 .     Bosque  County, 
Texas;  (Belfrage). 

Eucera  cressonii  Dalla  Torre,  1896,  p.  229.  A  new  name,  not  for  Te&alonia 
brevicomis  Smith. 

Melissodes  hrevicomis  Crawford,  1903,  p.  334.  Lincohi,  Nebraska;  VIII; 
at  Teucrium  canadense. 

Xenoglossa  hrevicomis  Cockerell,  1906,  pp.  73,  102.  Nebraska;  at  Teu- 
crium.   Fedor,  Texas;  VI;  (Birkman). 

Cockerell,  1915a,  p.  364.    Sleeping  habits. 

See  strenua. 

crawfordi  Cockerell,  1910,  p.  367.    cf.    Guadalajara,  Mexico;   (Craw- 
ford). 

Cockerell,  1917c,  p.  481.   Guanajuato,  Mexico;  (Dug^). 

cressonii.    See  hrevicomis. 

cucurbitarum.    See  strenua. 

davidflozii  Cockerell,  1905,  pp.  14,  28.     9 .    Los  Angeles,  California; 
(Davidson). 

dugesi  Cockerell,  1919,  p.  194.     9 .    Guanajuato,  Mexico;  (Dugfe). 

exquisita.    See  fulviventris. 

fulva  Smith,  1854,  p.  315.    9  ,  cf.    Puebla,  Mexico. 

Anlhophora  holopyrrha  Dours,  1869,  p.  89. 

Cockerell,  1896,  p.  193.  Arizona.  The  record  for  Lower  California  is  to  be 
deleted,  it  being  due  to  an  error  in  considering  Centris  mustelina  a  ssmonym. 

fulviyentxis  Smith,  1854,  p.  308.    (TetraUmia)     9 .    Mexico. 

Af€ii»«o<fc«ea:^mto  Cresson,  1878a,  p.  213.    9.   Mexico;  (Sumichrast). 

Cockerell,  1906,  p.  102. 

Tetralonia  fulviventris  Cockerell,  1905i,  p.  165.  Near  Sylacoyoapam, 
Oaxaca,  Mexico.   Host  of  Triepeolus  digueti. 

Tetralonia  fulviventris  Meade-Waldo,  1914,  p.  402.  Makes  exqumta  a 
synonjrm. 

gabbi  Cresson,  1878a,  p.  220.     (TetraUmia)     9*,  d'.     Costa    Rica- 
(Gabb). 
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Macrocera  gabbi  Schrottky,  1903,  p.  519.    Brazil. 
Cockerell,  1906,  pp.  81,  102. 

holopyrrha.    See  fulva. 

liowardi  Cockerell,  1918a,  p.  420.  (Subgenus  Peponapis)  c?*,  9. 
Federal  District*  and  Oaxaca,  Mexico;  IX;  (Inda  and  Howard). 

ipomcece.    See  Cemolobus. 

kansensis.    See  strenua  kansensis, 

limitaris.    See  priuinosa  limitaris, 

mustelina  Fox,  1893,  pp.  24  and  118.  9,  cf.  San  Jos^  del  Cabo, 
Lower  California,  Mexico;  (Eisen).  Described  as  Centris  (p.  24) 
and  made  a  synonym  of  Xenoglossa  fuka  (p.  118),  but  Cockerell, 
19056,  p.  328,  after  examining  the  type  oifvlva,  says  it  is  distinct. 

Patricia  Cockerell,  1896,  pp.  191-193,  and  1898a,  p.  67.  c?,  9  .  Mesilla 
and  Gila  River,  New  Mexico;  VI;  at  Cucurbita  perennia  [= 
fostidissima]. 

Bequaert,  1918,  p.  126.    Crepuscular. 

Patricia  angustior  Cockerell,  19006,  p.  64.  cf .  Buckeye,  Akizona;  X; 
at  Cvcurbita  palmata. 

Cockerell,  1902,  p.  103.    Los  Angeles,  California;   VII;   at  Cucurbita 
fcetidissima, 

Cockerell,  1906,  pp.  74,  314.    Congress  Junction,  Abizona;  VII;  (Snow). 
"Lower  Sonoran." 
Cockerell,  19lid,  p.  365.    Fresno,  California",  VIII. 

pruinosa  Say,  1836,  p.  405.    {Macrocera)    cf,  9 .    United  States. 

Mdissodes  pruinosa  Smith,  1854,  p.  309.    Mount  Pleasant,  Omo. 

Mdissodes  pruinosa  Cresson,  1876,  p.  209.   Spring  Lake,  Utah;  (Putnam). 

Patton,  1879,  p.  473.    At  pumpkin. 

Gribodo,  1882,  p.  274.    Arizona. 

Robertson,  1891a,  pp.  574,  581.    At  Ipomcea  pandurata  and  a  male  foimd 
dead  on  flower  of  Asdepias  suUivantii. 

Cockerell,  1896,  p.  193.    Pennsylvania.    New  York.      Mesilla,  New 
Mexico;  VI;  at  CucurbUa  perennis, 

Cockerell,  1899,  p.  156.    Mescalero  Indian  Agency,  Tularosa  Creek,  New 
Mexico;  VII;  (C.  M.  Barber). 

Cockerell,  1901a,  p.  130.    Las  Vegas,  New  Mexico;  VII;  at  CucurbUa 
fostidissima  and  Asdepias  spedosa;  (Winters,  Holzman,  Rishel,  Porter). 

Peponapis  pruinosa  Robertson,  1902,  p.  324. 

Viereck,  1903a,  p.  119.    College  Park,  Maryland;  VII. 

X.  spnuna  Howard,  1904,  PI.  VII,  Fig.  2. 

Peponapis  pruinosa  Robertson,  1905,  p.  365. 

Cockerell,  1906,  pp.  73,  102,  115,  310.    Arizona;   VIII;    (Snow).    Lee 
County,  Texas;  VI;  (Birkman).    Pecos,  New  Mexico. 

Smith,  1910,  p.  694.   Throughout  New  Jersey;  VII-IX. 
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Cockerell,  1911,  p.  390.    Woods  Hole,  Massachusetts;  (Cattell). 

Cockerell,  1912<i,  p.  265.  Falls  Church,  Virginia  (Banks),  west  to  Colo- 
rado. 

Cockerell,  1914a.   Santa  F<5,  New  Mexico;  VIII. 

X.  (Peponapis)  pruinosa  Viereck,  1916,  p.  733.  New  Haven  and  Bristol, 
Connecticut;  VII. 

See  angelica, 

pruinosa  limitaris  Cockerell,  1906a,  p.  73.    cf .    Brownsville,  Texas; 

VI;  (Snow). 
rhodophila  Cockerell,  19186,  p.  27.    9  .    Mexico;  (Baker). 
spriuna.    See  pruinosa. 
strenua  Cresson,   1878a,   p.   213.     (Melissodes)       9,    €?•*.     Texas*, 

Georgia,  and  New  Mexico. 

Xenoglossa  cucurbitarum  Cockerell,  1896,  p.  192.  d^,  9 .  Mesilla,  New 
Mexico;  VI;  &t  Cucurbita  perennis. 

Xenoglossa  cucurbitarum  Robertson,  1899,  p.  215.  Presumably  Carlinville, 
Ilunois;  at  Cucurbita  pepo^  CUruUus  vulgaris,  Asdepiascomuiiy  and  Ipomaa 
nil  and  pandurata.  Ames,  Iowa;  at  summer  squash;  (Alice  M.  Beach). 
Metropolis,  Illinois;  at  Martynia  proboscidea;  (Hart).  Says  that  X.  brevi- 
comis  Robertson  in  Botanical  Gaaette,  XVII,  p.  65,  is  a  manuscript  name  for 
this  species. 

Robertson,  1902,  p.  324. 

Robertson,  19036,  p.  77.   California. 

Cockerell,  1906c,  p.  266.    Fedor,  Texas. 

Cockerell,  1906,  pp.  102,  310.   Illinois  and  Iowa. 

Grjenicher,  1911,  p.  247.  Hudson  in  St.  Croix  County,  Wisconsin; 
VIII;  at  Ctmwm  or»cn«c  and  Cucurbitaceae. 

Strenua kansensiB  Cockerell,  1905sf,  p.  104.  d" .  Clark  County  (1962  ft.), 
Morton  County  (3200  ft.),  Wallace  County  (3000  ft.),  Kansas; 
VI;  (Snow). 

utahensiB  Cockerell,  1905/,  p.  182.     9  .    Utah. 

XXNOOL0880DI8  Ashinead,  1899,  p.  63 

(Type:  Xenoglossa  alhata  Cresson) 

Practically  equals  Tetraloniella  Ashmead,  1899,  p.  61,  of  the  Old 

World;    see  Cockerell,  19116,  p.  185.     For  tables,  etc.,  see  Cockerell 

and  Porter,  1899,  p.  407;   Cockerell,  1903,  p.  449;   and  Cockerell  and 

Robbins,  1910,  p.  194. 

albataCres8on,  1872,  p.  281.    (Meh'ssodes)  9yd'.    Texas;  (Belf rage). 
Synhalonia  albata  Patton,  1879,  p.  474. 

Synhalonia  albata  Birkman,  1899,  p.  245.  Fedor,  Lee  County,  Texas. 
Cockerel],  and  Porter,  1899,  p.  407. 
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dlbocincia.    See  Melissodes. 

eriocarpi  Cockerell,  1898,  p.  453.  {Exanmlopsis)  9  .  Fillmore  Canyon, 
Organ  Mountains,  New  Mexico;  5400  ft.;  IX;  at  Eriocarpum 
graciley  now  called  Sideranthics  gracilis;  (Townsend). 

Cockerell  and  Porter,  1899,  p.  407. 

Cockerell,  1905c,  p.  335.    Fedor,  Texas;  VI. 

Cockerell,  1906a,  p.  72.    Brownsville,  Texas;  VI;  (Snow). 

ezcurrens  Cockerell,  1903,  p.  448.     9  .    Roswell,  New  Mexico;  VIII. 

Melissodes  pecosella  verbesinarutn  Cockerell,  1905/,  p.  180.  9 .  Las  Cruces, 
New  Mexico;  IX;  at  Verbesina  encelioideSf  now  caUed  Ximenesia  exauri- 
cidata. 

Melissodes  pecosella  verbesifiarum  Cockerell,  1906c,  p.  366.  At  Isocoma 
wrightii.    1906,  p.  310:  "  Middle  Sonoran." 

Cockerell,  1910,  p.  259. 

gutierrezisB  Cockerell,  1905/i,  p.  218.  9 .  Fillmore  Canyon,  Organ 
Mountains,  New  Mexico;  VIII;  at  Gutierrezia;   (Townsend). 

helianthoruxn  Cockerell,  19146,  p.  415.  cf.  Falfurrias,  Texas;  V; 
at  HeUanthiLs;  (Morgan). 

imitatriz  Cockerell  and  Porter,  1899,  p.  407.  9 ,  cf.  Las  V^as,  New 
Mexico;  VIII;  at  Sphceralcea  lobata;  (Garlick,  Porter). 

CockereU,  1904a,  p.  24.    Glorieta,  New  Mexico;  VIII;  (W.  P.  Cockerell). 

lippiflB  (yockerell,  1904a,  p.  25.  (Synhalonia  crenulaticomis  lipptce) 
cf.  La  Cueva*  and  Dripping  Spring,  Organ  Mountains,NEW. 
Mexico;  about  5300  ft.;  VIII,  IX;  at  Lippia  wrightii;  (Town- 
send). 

Synhalonia  lippice  Cockerell,  1905^,  p.  224.    At  Phacelia  congests. 

Tetralonia  lippice  Cockerell,  1906,  p.  97.    Arizona;  (Snow). 

lippiflB  semilippiflB  C^ockerell,  1905/,  p.  179.  (Synhalonia)    9  .    Oak  Creek 

Canyon,  Arizona;  6000  ft.;  VIII;  (Snow). 
neotomflB  Cockerell,  1906,  pp.  310,  314.     9  ,  c?*.    Raton,  New  Mexico; 

VIII. 
saponellus.    See  Melissodes. 
setnilippice.    See  lippice  sermlippiop. 
wilmattfld  Cockerell,  1917a,  p.  191.     9.     Point   Isabel,   Texas;   at  a 

yellow  composite;    (W.  P.  Cockerell). 
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Addendum 

A  paper  by  Adolpho  Ducke,  entitled  ^Enunieragfio  dos  Hymenop- 
teros  colligidoB  pela  Commissao  e  Revisfto  das  especies  de  abelhas  do 
Brazil,'  Commissdo  de  linhas  Telegraphicas  Estrategicas  de  Matto 
Grosso  ao  Amazonas  (PublicaQfio  No.  35),  Annexo  No.  5,  Historia 
Natural,  Zoologia,  was  received  in  October  1920,  although  it  is  dated 
1916.  It  chiefly  concerns  the  Meliponidse  but,  as  our  paper  was  then  in 
pagp  proof,  we  could  not  include  his  somewhat  drastic  changes  in 
taxonomy. 

Prof.  Cockerell  has  written  from  London  as  follows.  '*I  have  found 
in  the  British  Museum  the  type  of  Ancyloscelis  umnu«  Haliday,  and 
it  is  the  genus  we  have  as  Leptergatis  (armatus  Smith).  Ancyloscelis 
is  the  proper  name  for  this  genus.  Leptergatis  halidoides  Holmberg  is 
also  in  the  Museum  and  is  not  congeneric  with  the  above;  it  is  very 
near  Melitama.*'  Unfortunately,  this  also  was  received  after  our  paper 
was  in  page  proof.  Furthermore,  in  justice  to  Prof.  Cockerell,  it  should 
be  said  that  none  of  the  proof  has  had  the  benefit  of  his  revision. 

Frank  E.  Lutz. 
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Article  XVI.— THE  JURASSIC  AMMONITE  FAUNA  OF  CUBA 
By  Marjorie  O'Connell,  Ph.  D. 
Plates  XXXIV  to  XXXVIII 
INTRODUCTION 

In  1910  Dr.  Carlos  de  la  Torre  of  the  University  of  Havana  an- 
nounced the  discovery  of  Jurassic  ammonites  at  Vifiales  in  the  Province 
of  Pinar  del  Rio,  western  Cuba.  No  species  were  described  and  the 
generic  identifications  appear  to  have  been  incorrect,  leading  to  a  mis- 
taken correlation  of  the  formations  at  Vifiales  with  those  of  the  Upper 
Jurassic  (Kimmeridgian)  of  Mazapil,  Mexico.^  In  the  summers  of 
1918  and  1919  Mr.  Barnum  Brown  made  an  extensive  collection  of 
ammonites  from  Vifiales  and  numerous  other  localities  in  Pinar  del  Rio, 
the  material  thus  obtained  revealing  a  large  and  varied  fauna  sufficient 
to  determine  an  accurate  zonal  succession  and  make  possible  a  detailed 
correlation  with  synchronous  formations  in  Mexico  and  Europe.  Besides 
this  material  I  have  also  had  for  study  some  sixty-odd  specimens  sent 
to  me  by  Dr.  Mario  Sanchez  Roig  of  Havana,  to  whom  I  wish  to  express 
my  thanks  for  his  courtesy  and  generosity.  Dr.  la  Torre  gave  to  Mr. 
Brown  some  unlabelled  specimens  from  his  type  locaUty  and  these  I 
have  identified.  Dr.  T.  W.  Stanton,  of  the  United  States  Geological 
Survey,  kindly  loaned  me  his  own  collection  of  ammonites  from  the 
Kimmeridgian  and  Portlandian  of  Mazapil,  while  from  Professor  A.  W. 
Grabau,  of  the  Palseontological  Museum  of  Columbia  University,  I 
secured  the  loan  of  some  very  fine  specimens  of  the  genus  IdoceraSy  also 
from  Mazapil.  I  have  thus  been  enabled  to  compare  the  Cuban  and 
Mexican  faunas  and  to  determine  their  true  relations. 

In  the  present  paper  I  shall  describe  only  a  small  part  of  the  entire 
fauna,  selecting  a  few  species  which  conclusively  establish  the  fact  that 
the  rocks  formerly  supposed  to  be  of  Kimmeridgian  age  really  belong  to 
the  Upper  Oxfordian.  I  have  studied  the  material  from  the  point  of 
view  of  ontogeny,  dwelling  upon  the  biological  principles  illustrated  in 
the  development  of  these  ammonites.  The  stratigraphy,  field  relations, 
correlations  and  palaeogeography  will  be  taken  up  in  a  more  extended 
report  which  is  now  in  the  course  of  preparation,  and  in  which  will  be 
included  the  descriptions  of  many  more  genera  and  species,  together 

iDa  la  Torre.    1910.    Comprobation  de  I'existence  d'un  horison  jurassique  dans  la  region  occiden- 
tale  de  Cuba.   Compte  Rendu,  Congr^s  g^ologique  international,  Xle,  Stocknolm,  pp.  1021-1022. 
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with  faunal  lists  for  the  successive  palsBontological  zones  of  the  Jurassic. 
All  of  the  types  described  below  are  from  the  material  collected  by  Mr. 
Brown  and  are  in  the  collections  of  the  Department  of  Geology  and 
Invertebrate  Palaeontology  of  The  American  Museum  of  Natural 
History. 

While  this  paper  was  in  the  editor's  hands,  preparatory  to  publica- 
tion, there  appeared  among  the  agricultural  reports  of  Cuba  a  paper 
entitled  *  La  Fauna  Jurasica  de  Vifiales'  by  Doctor  Mario  Sanchez  Roig,^ 
containing  brief  descriptions  of  a  large  number  of  specimens  collected 
by  him  and  his  father.  The  species  which  I  had  identified  for  them  in 
1918  and  1919  are  there  figured  and  described,  while  the  age  of  the  forma- 
tions which  I  determined  from  the  fossils  is  also  included.  In  addition 
they  included  certain  species  which  are  incorrectly  identified  as,  for 
instance,  all  of  those  referred  to  the  genus  Idoceras  and  figured  on  PL 
X,  figs.  5-7,  and  PI.  xi,  figs.  1-5.  I  have  seen  some  of  the  material  identi- 
fied by  Dr.  Roig  as  Idoceras;  it  all  belongs  to  the  genus  PerisphindeSy 
as  do  also  the  specimens  figured  in  his  paper.  On  page  669  I  have  ex- 
plained how  a  superficial  resemblance  of  the  Cuban  species  of  Peri- 
sphinctes  to  the  Mexican  species  of  Idoceras  may  lead  to  incorrect  identi- 
fications and  to  consequent  errors  in  correlation.  A  misleading  feature 
of  Dr.  Roig*s  paper  is  his  inclusion,  without  quotation  marks,  of  entire 
descriptions  of  Mexican  species  translated  verbatim  from  Burckhardt's 
publications  into  Spanish,  with  often  not  a  single  word  about  the  Cuban 
specimen,  as  for  instance,  under  Haploceras  fialar  on  pp.  40,  41.  What 
appears  as  a  description  of  the  Cuban  form  is  actually  a  translation  of 
Burckhardt's  description  of  H.  fialar  from  Mazapil.  Dr.  Roig  states 
nothing  at  all  about  his  own  material  except  for  four  measiu-ements  which 
he  gives  at  the  beginning.  One  not  familiar  with  Burckhardt's  mono- 
graphs, or  not  having  them  at  hand  for  constant  comparison,  would 
have  no  way  of  telling  whether  he  were  reading  a  new  description  of  a 
Cuban  ammonite  or  an  old  description  of  one  from  Mexico.  It  is  only 
fair  to  state,  however,  that  Dr.  Roig  labored  under  many  difficulties, 
such  as  inadequate  library  facilities,  lack  of  good  collections  of  type 
mat<?rial  for  comparison,  the  incompleteness  of  his  own  specimens,  many 
of  which  could  not  be  identified,  and  especially  the  fact  that  his  own 
training  had  been  primarily  in  medicine  rather  than  in  palaeontology. 
His  interest  in  natural  history  led  him  to  collect  vertebrate  and  inverte- 
brate fossils  and  to  make  known  to  the  scientific  world  some  of  the 

>RoiK,  Mario  Sanchoi.  1920.     La  Fauna  Jurdaica  de  Vifiales.     Republica  de  Cuba.  SecreUria  de 
Agricultura,  Coincrcio  y  Trabajo,  Boletin  Especial,  61  pp.,  23  plates. 
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important  organic  remains  of  the  Jurassic  of  western  Cuba.  To  the 
naturalists  of  Cuba  and  to  others  who  do  not  have  ready  access  to  Burck- 
hardt's  monographs,  the  careful  translation  of  the  protographs  from 
French  into  Spanish  will  be  very  useful,  and  I  know,  from  a  personal 
communication,  that  Dr.  Roig  made  the  translations  with  the  feeling 
that  he  was  rendering  a  service  to  his  Cuban  and  Spanish  readers  to 
whom  original  sources  in  other  languages  were  not  so  available  as  they 
were  to  him. 

Brief  announcements  of  the  stratigraphy  and  correlation  of  the 
Jurassic  formations  of  Cuba  were  given  before  the  Palfleontological 
Society  of  America  at  the  Baltimore  meeting  in  1918^  and  before  the 
Geological  Society  of  America  at  the  Boston  meeting  in  1919.*  Certain 
pateontological  studies  of  the  Cuban  anmionites  have  been  incorporated 
in  a  short  paper  originaUy  presented  at  the  Baltimore  meeting  above 
referred  to.' 

In  the  description  of  the  ammonites  of  Cuba  I  have  employed  the 
nomenclature  first  proposed  by  Hyatt^  and  later  added  to  by  J.  P.  Smith.^ 
Most  writers  on  this  group  of  invertebrates  are  in  the  habit  of  giving  a 
few  shell  measurements  and  ratios  for  adult  specimens  or  else  they  give  a 
set  of  measurements  for  several  specimens  of  different  sizes  of  the  same 
species  and  then  make  certain  general  statements  about  observed  trends 
in  shell  proportions.  It  is  well  known  that  all  ammonites  change  in 
proportions  in  successive  stages  of  development  but  accurate  quantita- 
tive data  is  seldom  given.  I  have,  therefore,  in  describing  the  ontogeny 
of  the  Cuban  species,  given  actual  shell  measurements  and  calculated 
certain  significant  ratios  for  as  many  stages  of  growth  in  individual 
conchs  as  the  preservation  of  the  specimen  would  permit.  At  any  point 
on  the  shell  six  measurements  are  sufficient  for  the  determination  of  the 
size  and  form  of  the  conch,  these  being  the  diameter  (rf),  the  height  of 
the  whorl  measured  from  the  venter  to  the  line  of  involution  with  the 
preceding  whorl  (h.  i,),  the  height  measured  from  venter  to  the  im- 
pressed zone  (h.  i,  z.) — a  measurement  which  can  be  made  only  when  one 
has  an  oral  cross-section — ,the  height  of  the  whorl  above  the  preceding 


*BrowTi,  Barnum  and  O'Connell,  Marjorie.  1919.  Discovery  of  the  Oxfordian  in  Wc«tern  Cuba. 
Bull.  Geol.  Soc.  Amer.,  XXX,  p.  132  (abstract).     Presented  Dec.,  1918. 

«0'ConneII,  Marjorie.  1920.  Further  iStudies  on  the  Jurassic  of  Cuba.  Bull.  Geol.  Soc.  Amer., 
XXXI.  p.  136  (abstract).     Presented  Dec.,  1919. 

•O'Connell,  Marjorie.  1919.  Orthogenetic  Development  of  the  Costap  in  the  Perisphinctinip. 
Amer.  Joum.  Sci.,  XLV'III,  pp.  450-460,  2  figs.  Presented  before  the  PalsBontological  Society  of 
America,  Dec..  1918. 

*Hyatt,  Alpheus.  1894.  Phylogeny  of  an  Acquired  Characteristic.  Proc.  Amer.  Phil.  Soc,  XXXII, 
No.  143,  pp.  349-647. 

♦Smith,  J.  P.  1013.  Chapter  on  Cophalopode  in  Eastman  Translation  of  Zittel's  'Text-Book  of 
Palirontology. 
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whorl  (h.  p.)  obtained  by  measuring  the  vertical  distance  from  the  venter 
to  the  line  of  involution  of  the  preceding  whorl,  the  width  of  the  whorl  (w) 
or  the  greatest  thickness  between  the  lateral  faces,  and  the  width  of  the 
umbilicus  («).  These  measurements  are  all  given  in  millimeters.  From 
these  may  be  calculated  the  shell  proportions  which  vary  with  growth, 

that  is,  the  allometric  ratios.    They  are  -^'  -^*»  *^'  ^^  ^'  and  — 

dad    h.t,    d  u 


DESCRIPTION  OF  SPECIES  FROM  THE  OXFORDIAN 
PBBI8PHINCTB8  Waagen 

In  the  Perisphinctinse  the  costse  have  a  characteristic  arrangement 
into  groups  or  bundles,  there  being  one  long  cost  a  passing  from  the  line 
of  involution  to,  and  usually  across,  the  venter,  while  one,  two,  three,  or 
sometimes  more,  shorter  costse  branch  off  from  the  long  one.  At  re- 
peated intervals  on  the  conch  there  is  a  smooth  groove  or  constriction 
occurring  usually  after  every  three  to  seven  bundles  of  costa?.  A  de- 
tailed study  of  all  of  the  Cuban  specimens  belonging  to  the  genus  Peri- 
sphinctes  showed  that  in  each  sector  of  the  whorl  bounded  by  two  con- 
strictions, or  sphincters,  the  succeeding  groups  of  costse  vary  one  from 
another,  there  being  certain  definite  trends  in  the  development  of  in- 
dividual costse  as  well  as  in  their  arrangement  into  groups.  From  the 
ontogeny  of  several  of  the  species,  it  appears  that  in  the  earliest  stages 
the  conch  is  smooth;  then  constrictions  develop;  and  finally  simple, 
unbranched  costse  appear,  filling  in  the  spaces  between  constrictions. 
The  details  of  the  time  of  appearance  of  these  morphological  features 
will  be  found  below  (pp.  650,  676)  under  the  description  of  Peris^phinde^ 
cuhanensis  and  P.  plicatiloides.  The  simple  costse  soon  become  branched. 
The  process  of  branching  expressed  in  terms  of  growth  seems  to  indicate 
that  the  mantle  of  the  animal  grew  more  rapidly  forward  on  the  ventral 
region  than  on  the  sides  and  consequently  it  was  thrown  into  folds  more 
rapidly  on  the  ventral  and  ventro-lateral  regions  than  on  the  dorso- 
lateral regions.  Thus,  while  a  single  fold  in  the  mantle  at  the  umbilical 
margin  was  sufficient  to  take  up  all  the  surplus  forward  growth  of  the 
mantle,  two,  three,  or  more  folds  were  required  to  take  up  the  growth 
on  sides  and  venter.  The  position  of  these  folds  is  shown  in  the  conch 
by  the  arrangement  of  the  costae,  which  are  nothing  more  than  the  shell 
expression  of  the  form  of  the  soft  parts  of  the  animal. 

In  order  to  have  a  unifonn  and  simple  way  of  referring  to  the  various 
costsB  I  have  adopted  the  following  system  of  nomenclature.  The  conch 
is  divided  into  sectors  bounded  by  the  grooves  or  sphincters,  for  which 
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reason  I  designate  them  intersphincterial  sectors.  At  the  beginning  of 
each  is  a  single,  simple  costa,  usually  a  Uttle  more  pronounced  and 
thicker  than  the  others  and  this  is  continuous  across  the  venter,  where 
it  is  often,  and  in  adult  specimens  generally,  double,  there  being  no 
actual  bifurcation  but  rather  a  thickening  and  broadening  with  a  divid- 
ing line  passing  longitudinally  across  the  ventral  portion  of  the  costa. 
This  first  and  distinctive  costa  bounding  each  sphincter  orally  I  have 
designated  the  orad  or  o  costa,  Fig.  1.  So  far  as  the  Cuban  species  are 
concerned  this  costa  never  marks  the  beginning  of  a  triad  of  costae  but 
always  appears  alone  and  is  then  followed  by  the  typical  triad  groups; 
and  it  seems  to  be  a  rather  universal  fact  in  all  species  of  Perisphinctes 


Fig.  1.     Diagrammatic  sketch  of  the  mode  of  development  of  coetiD  in  the  genus  Periaphinctes, 
showing  the  origin  of  diad  and  triad  groups  and  of  intercalated  costs. 


that  the  first  costa  in  any  intersphincterial  sector  is  simple,  with  at  most  a 
ventral  branching,  and  is  succeeded  by  the  more  complex  triads  or 
bundles  of  costae.  On  the  apicad  side  of  ^ach  sphincter  is  a  complex 
system  of  costae  consisting  of  a  single  continuous  costa  (the  apicad  or 
ai  costa)  passing  from  the  umbiUcal  suture  on  one  side  of  the  whorl 
uninterruptedly  acrosss  the  venter  to  the  suture  on  the  opposite  side. 
From  this  costa  there  diverges  at  a  point  near  the  Une  of  involution  a 
second  costa  (02)  which  is  directed  orad.  With  the  growth  of  the  conch 
the  point  of  divergence  moves  ventrad  and  eventually  a  new  costa  (03) 
develops,  diverging  from  ai  at  the  line  of  involution.  As  the  point  of 
divergence  of  02  from  oi  migrates  ventrad,  the  maximum  strength  or 
thickness  of  the  oi  costa  passes  in  its  ventral  portion  to  02  while  the 
ventral  part  of  oi  is  separated  off  and  finally  becomes  a  free  intercalated 
rib,  passing  apicad  and  out  of  the  group  of  costae  definitely  bounding 
the  sphincter. 

The  letters  ai,  02,  and  as  are,  therefore,  used  to  designate  the  costae 
in  the  same  relative  position  to  the  sphincter,  oi  being  in  every  case  the 
first  continuous  costa  apicad  of  the  sphincter.  The  process  of  costal 
development  is  thus  shown  diagrammatically  in  Fig.  1. 
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Perisphinctes  cubanensis,  new  species 
Plate  XXXIV,  Figures  1  and  2 
I  have  before  me  three  fairly  complete  specimens  of  Perisphinctes 
which  show  the  following  range  in  maximum  diameter:  50.7  nmi.,  65 
mm.,  and  86.57  mm.  The  character  of  the  final  whorl  of  each  specimen 
differs  so  markedly  from  that  of  the  remaining  two  in  form,  size,  and 
number  and  arrangement  of  costse  that  probably  each  specimen,  if  found 
in  separate  locaUties,  would  be  described  as  a  distinct  species.  Yet  a 
careful  study  of  the  ontogeny  of  each  conch  has  shown  that  all  three 
specimens  are  closely  related  and  that  two  of  them  represent  specializa- 
tions in  given  directions  from  a  simple  more  generalized  type,  which 
I  have  selected  as  the  holotype  of  Perisphinctes  cubanensis,  new  species 
(A.  M.  N.  H.  No.  18556).  The  other  two  specimens  I  have  designated  a.*? 
mutations  a  and  j3  (A.  M.  N.  H.  Nos.  18557  and  18558,  respectively). 
I  have  called  these  specialized  individuals  mutations  in  order  to  indicate 
that  the  modifications,  whether  allometric  or  rectigradational,  are  in 
given  directions,  or  orthogenetic,  yet  I  cannot  be  certain,  from  the 
material  so  far  studied,  whether  they  are  true  mutations  in  the  Waagen 
sense  showing  modifications  in  successive  horizons  or  whether  they  are 
variations  in  the  Waagen  sense  (submutations  of  Grabau)  showing 
modifications  in  one  horizon.  Since  the  Vinales  fauna  comes  from  nodules 
which  contain  species  from  two  zones  of  the  Upper  Oxfordian,  the  three 
individuals  under  discussion  might  be  either  mutations  or  variations, 
and  I  have  called  them  by  the  former  name  that  there  might  be  no  con- 
fusion with  the  ordinary  usage  of  variety,  a  term  which  is  laxly  employed 
and  carries  with  it  no  implication  of  orthogenetic  development  such  as  is 
shown  in  these  specimens. 

The  holotype  of  Perisphinctes  cubanensis  shows  the  greater  part  of 
six  volutions,  on  three  of  which  portions  of  entire  whorls,  including  the 
venter,  are  visible.  Very  little  of  the  shell  is  preserved,  so  that  all  of  the 
characteristics  and  measiu-ements  noted  below  are  for  the  internal  mold 
only.  Nothing  can  be  learned  of  the  embryonic  stages  of  development 
because  the  protoconch  is  absent,  nor  is  it  possible  to  determine  the 
exact  position  of  the  earUest  conch  stage.  For  this  i-eason,  in  counting 
the  number  of  volutions,  I  have  arbitrarily  started  at  the  first  point  in 
the  umbilicus  where  a  whorl  rises  out  of  the  central,  limey  matrix  which 
conceals  or  replaces  the  protoconch.  This  point  almost  certainly  does  not 
mark  the  precise  beginning  of  the  first  conch  volution  but  is  very  close  to 
it  and  serves  as  a  convenient  point  of  reference  from  which  to  count  the 
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successive  volutions.  Since  this  form  is  monotypic,  I  have  no  additional 
specimens  to  break  down  for  studying  the  protoconch  and  early  epem- 
bryonic  stages  of  growth. 

Form  and  Proportions. — The  shell  as  a  whole  is  rather  compressed, 
giving  the  whorls  an  oval  cross-section  (except  for  the  impressed  zone), 
which,  however,  does  not  show  any  angularity  at  the  umbilical  shoulder 
nor  along  the  ventral  margins.  The  umbilical  shoiJder  is  always  pro- 
nounced, though  rounded,  and  there  is  thus  produced  a  distinct  umbiUcal 
zone.  On  the  sixth  volution  where  the  whorl  is  more  compressed  and  the 
shoiJder  consequently  more  distinct  the  distance  T^etween  the  line  of 
involution  and  the  point  of  greatest  thickness  of  the  whorl  is  6.3  mm. 
It  is  highly  probable  that  the  earliest  whorls  were  circular  in  cross-section 
(except  for  the  dorsal  in-bending  of  the  curve  caused  by  the  impressed 
zone),  since  the  ratio  of  width  to  height  at  the  end  of  the  third  volution  is 
0.89,  the  trend  in  succeeding  volutions  being  toward  a  'smaller  ratio, 
which  shows  that  if  at  any  time  in  the  ontogeny  the  whorl  was  as  wide 
as  high,  that  is  with  a  ratio  of  1.00,  it  must  have  been  before  the  third 
volution.  In  the  holotype  of  Perisphinctes  aibanensis  the  whorls  in- 
crease regularly  in  height,  having  approximately  the  same  ratio  to  the 
diameter  throughout  the  ontogeny,  for  the  greatest  range  is  from  0.33 
to  0.39  (see  third  column  in  Table  1).  Because  the  increase  in  height 
is  fairly  constant  and  not  progressively  greater,  involution  is  not  extreme 
and  there  results  a  broad  umbilicus  which  in  the  early  whorls  is  approxi- 
mately as  broad  as  the  aperture  is  high  but  in  the  later  stages  slowly 
becomes  relatively  broader,  as  is  shown  by  the  decrease    in  the  ratio 

hi 

■^^  from  1.00  to  0.89  (see  columns  2  and  11,  and  3  and  13  in  Table  1). 
u 

In  the  early  shell  the  width  of  the  whorl  is  about  one-third  the  total 

diameter,  but  this  ratio  decreases  (column  9)  so  that  at  the  end  of  the 

specimen  the  width  is  only  one-quarter  of  the  diameter,  showing  that 

there  is  a  relative  decrease  in  breadth  as  compared  to  diameter,  as  well 

as  a  decrease  when  compared  to  the  height  of  the  whorl.    All  of  these 

progressive  allometric  changes  in  the  ontogeny  are  set  forth  in  Table  I. 
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Table  1. — ^Allometric  Changes  in  Perisphindes  cubanensiSf  new  species 
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0.39 

11.00 

7.80 

0.35 

0.89 

8.80 

0.39   0.99 

33.56 

12.40 

0.37 

9.88 

2.52 

0.29 

15.78 

9.68 

0.29 

0.78 

11.74 

0.35 

1.05 

55.00 

21.40 

0.38 

26.90 

16.30 

0.29 

0.76 

20.50 

0.37 

1.00 

65.89 

24.30 

0.36 

19.35 

4.95 

0.29 

31.60 

18.52 

0.28 

0.76 

24.98 

0.38 

0.97 

83.47 

27.62 

0.33 

22.40 

5.22 

0.26 

37.27 

20.90 

0.26 

0.75 

29.30 

0.40 

0.94 

86.57 

29.78 

0.34 

23.92 

5.76 

0.27 

39.60 

21.42 

0.24 

0.72 

33.39 

0.38J  0.89 

CosTiE  AND  Sphincters. — In  the  earliest  observable  nepionic 
stage  the  conch  is  smooth,  showing  neither  costae  nor  constrictions. 
At  the  end  of  one  and  a  quarter  volutions  the  first  constriction  or  sphinc- 
ter appears,  the  umbilicus  here  being  1.79  mm.  wide.  On  the  remaining 
three-quarters  of  the  second  volution  there  are  two  more  constrictions, 
but  no  costfie  are  discernible  until  one  and  three-quarters  volutions, 
although  they  probably  appear  at  about  one  and  a  half  volutions,  since 
apicad  of  that  position  the  whorls  are  still  smooth,  as  shown  by  the 
surface  of  a  few  remnants  of  actual  shell,  while  where  the  cost®  are  first 
seen  they  are  already  well  developed.  The  critical  area,  unfortunately, 
is  destroyed.  The  costaB  appear  just  apicad  of  the  third  constriction, 
the  umbilicus  here  being  3.30  mm.  wide  and  the  whorl  5.00  mm.  thick. 
It  is  to  be  noted  that  the  appearance  of  constrictions  is  independent  of  the 
formation  of  costae,  since  the  former  appear  earlier  than  the  latter  in  the 
ontogeny,  and  yet,  once  the  costae  begin  to  develop,  they  always  follow 
a  definite  plan  of  formation  which  heralds  the  appearance  of  a  constric- 
tion and  the  costae  never  have  this  particular  arrangement  without  being 
followed  by  a  constriction  nor,  on  the  other  hand,  does  a  constriction 
ever  appear  which  is  not  preceded  by  costae  which  are  arranged  in  a 
different  manner  from  that  obsei*ved  in  intersphincterial  areas.  Thus, 
while  the  lines  of  growth  arc  parallel  to  the  costae,  the  constriction 
diverges  pronouncedly  from  the  direction  of  the  principal  costae,  which 
indicates  a  marked  ventral  growth  of  the  shell  prior  to  the  formation  of 
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each  constriction.  This  law  holds  throughout  the  ontogeny  of  the  holo- 
type  of  the  species  and  for  the  two  mutations  and  has  also  been  observed 
in  other  species. 

The  arrangement  of  costse  on  either  side  of  the  third  constriction  is 
shown  in  Fig.  2.  On  the  apicad  side  of  the  constriction  a  rather  coarse 
costa  (ai)  appears^  its  point  of  origin  being  upon  the  umbilical  shoulder, 
which  is  pronounced  though  rounded.  This  costa  is  strong  and  thick 
and  gives  off  a  branch  (02)  near  the  line  of  inclusion.  The  03  costa  di- 
verges near  to  the  umbilical  suture  of  the  second  volution  and  is  directed 
orad  diagonally  across  the  whorl,  parallel  to  the  0  costa  which  is  simple 
and  not  very  prominent.  Whether  or  not  the  aa  costa  gives  off  a  branch 
on  the  ventral  or  lateral  ventral  zone  cannot  be  determined  because  of 
the  involution  of  the  whorls.  Thus  the  fundamental  plan  of  sphincterial 
delimitation  by  the  costse  may  be  briefly  described  as  follows.  A  simple 
orad  costa  and  a  complex  apicad  system 
in  which  costse  a^  and  az  are  developed,  ^3 

with  the  latter  simple  (or  branched?),     aja^/o 

The  ai  and  o  costse  are  strong,  while        yj  i Lirxe  of  inclusiorx 

the  branches  of  a  are  weaker.    As  a        V/ / 

result,  the  two  strong  costse  enclose  a         1/ Lme  of  lr\volutior\ 

triangular  area  which  widens  ventrally        ^.^  ^    Arrangement  of  costa.  on  the 

and    in    which   are   situated    the    weaker    aecondvolnUon  o(Peri9phincU$cubanenai8, 

costse  and  the  constriction.    The  last  of  ^°'°*^p^  a.mn.h.No18556  showing 

grouping  on  either  side  of  the  third  con- 

the  branches  6f  the  a  system,  in  this  stncUon. 
case  as,   and   the   0  costa   are   always 

parallel  and  bound  the  constriction  on  either  side.  This  fundamental 
plan  can  be  observed  in  each  sphincterial  costal  group  in  this  species 
and  its  mutations  but  in  the  latter  onto-stages  of  the  holotype  and  in  the 
earlier  ones  of  accelerated  mutations  certain  modifications  take  place 
leading  to  increased  complexity  along  definite  lines.  The  modifications 
so  far  observed  are  in  three  directions:  one,  through  the  development  of 
additional  orad  branches;  two,  through  the  ventral  migration  of  the 
point  of  divergence  of  the  older  branches  (02,  az,  etc.);  and,  three, 
through  the  increased  obsolescence  of  the  dorsal  portion  of  the  last- 
formed  costa  on  the  apicad  side  of  the  constriction,  that  is,  usually,  as, 
or,  in  cases  of  acceleration,  a^,  until  it  appears  as  a  free  intercalated 
costa. 

The  third  volution  of  the  conch  contains  at  least  three  constric- 
tions, but  the  state  of  preservation  does  not  permit  more  accurate  ob- 
servation.   However,  the  specimen  does  show  that  between  the  0  costa 
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of  the  third  constriction  (counting  from  the  eariiest  one  seen)  and  the  a\ 
of  the  fourth,  there  are  six  intersphincterial  costse,  the  branching  of 
which  is  not  exposed,  and  the  same  number  exists  between  the  fourth 
and  fifth  constrictions,  but  between  the  fifth  and  sLxth  the  niunber 
cannot  be  determined. 

Half  of  the  fourth  volution  is  visible  in  its  entiret}^  because  the 
later  whorls  are  broken  off.  Complete  constrictions  are  thus  exposed 
and  the  character  of  the  ventral  costae  may  be  determined.  What 
appears  to  he  the  eighth  constriction  of  the  conch  occurs  just  orad  of  the 
beginning  of  the  fourth  volution  at  a  point  where  the  umbilicus  is  8.38 
mm.  wide,  the  whorl  5.89  nmi.  thick  and  5.80  mm.  high.  There  is  a 
single  straight  costa  (o)  on  the  orad  side  of  the  constriction  (Fig.  3). 
On  the  apicad  side  a  single,  low,  coarse  costa  (oi)  arises  on  the  umbilical 
shoulder.    At  a  height  of  3.12  mm.  from  the  Une  of  involution  the  a* 

branch  diverges  from  the  oi  costa;  aj  in 
its  dorsal  portion  merges  into  ai,  showing 
that  it  was  formed  very  soon  after  at.  At 
a  height  of  3.81  mm.  from  the  line  of 
involution  a^  bifurcates,  the  orad  branch, 
passing  across  the  venter  approximately 
parallel  to  o.     On  the  venter  this  branch 

^ Line  of  irwoluhon       of  os  becomes  broader  than  other  mem- 

Fijj.3.  Arrangement  of  coat*  at  bers  of  the  u  systcm  SO  that  it  appear? 
bcRinning  of  fourth  volution  of  Pert-  as  a  slightly  prominent  Up  emphasizing 
H.  No.  18556.  showing  increased  com-     the  apicad  bouudary  of  the  constriction. 

plexity  in  grouping  produced  by  repeat-       ^hc  flj  COSta  is  Strong  OU  the  dorSO-latcral 

*  ^^  ^^  area  until  branching  takes  place,  and  then 

the  branch  becomes  strong  so  that  there  is  produced  the  appearance  of 
an  almost  continuous  strong  costa  on  the  apicad  side  of  the  constriction. 
On  the  first  half  of  the  fourth  volution,  there  are  four  constrictions, 
of  which  the  one  just  described  in  detail  is  the  first.  Between  the  o 
costa  of  the  eighth  and  the  a  system  of  the  ninth  constriction  there  are 
three  lateral  costse,  the  first  of  which  is  simple  with  an  apicad  deflection 
in  its  ventral  portion,  the  other  two  having  one  branch  each  which  gives 
an  appearance  of  bifurcation.  Between  the  ninth  and  tenth  constric- 
tions are  four  intersphincteriaP  costae,  all  of  which  are  branched  once, 
and  the  same  is  the  case  between  the  tenth  and  eleventh,  while  there  are 
only  three  between  the  eleventh  and  twelfth  constrictions,  the  cost«  thus 


>It  ifl  to  be  remembered  that  by  this  term  I  designate  the  lateral  coetce  between  the  o  of  one  coo- 
8tri  ction  and  the  a  system  of  the  next  succeeding  one. 
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Lirxeof  irwoluliorx 


a. 


.^JDL, 


-ven+er 


showing  a  certain  amount  of  variation.  There  are  three  constrictions  on 
the  second  half  of  the  fourth  volution,  which  is  the  last  complete  whorl 
on  the  holotype  and  which  ends  at  a  diameter  of  about  31.8  mm.,  the 
shell  being  broken  away  just  at  the  point  where  the  fifteenth  constric- 
tion should  appear  so  that  only  portions  of  the  fifth  and  sixth  volutions 
remain.  On  the  last  half  of  the  fifth,  which  ends  at  a  diameter  of  about 
65.8  mm.,  there  are  four  constrictions,  twenty  primary  costse  arising  in 
the  umbilical  zone  and  fifty-five  ventral  costse,  including  the  o  and  a 
as  well  as  the  intersphincterial  costae.  Between  the  first  two  constric- 
tions the  lateral  costae  are  either 
singly  or  doubly  branched;  between 
the  last  two  all  are  doubly  branched 
giving  the  appearance  of  trifurcation 
or  intercalation.  The  arrangement 
of  the  costae  on  the  last  quarter  of 
the  whorl  is  shown  in  Fig.  4. 

On  the  last  half  of  the  fifth 
whorl  the  costae  are  well  preserved 
on  both  sides  and  on  the  venter  and 
it  will  be  noted  that  they  are  arrang- 
ed in  groups  of  three,  in  which  one 
costa  passes  from  venter  to  dorsum 
and  is  strong,  while  two  are  devel- 
oped on  the  venter  only  and  are  less 
pronounced  (Fig.  5).  Furthermore, 
a  careful  study  of  each  group  shows 
that  there  is  a  steady  orad  progres- 
sion of  the  strong  costa  from  group  to 
group.  Thus,  on  the  right  side  of  the 
shell  the  first  group  (I)  beyond  the 

0  costa  of  intersphincterial  group  M  shows  costa  1  strong  and  continu- 
ous and  deflected  apicad  toward  the  venter,  with  2  and  3  weaker,  2 
being  attached,  3  directed  towards  1,  but  free.  In  the  second  group  (II) 
the  greatest  strength  has  passed  to  costa  2,  while  the  point  of  divergence 
of  branch  1  is  weak  and  3  has  approached  1  dorsally.  In  group  III  the 
first  costa  has  become  free,  2  is  still  strong  but  bent  backward,  while  3 
has  become  fully  attached  to  2.  In  the  fourth  group  (IV),  which  is  the 
a  system  of  the  next  constriction,  1  has  separated  off  and  appears  as  a  free 
"intercalated"  costa,  2  is  still  directed  toward  3  but  is  free,  while  the 
greatest  strength  has  passed  to  3  which  bends  apicad  so  much  that,  with 
additional  growth  on  the  ventral  portion,  two  new  costae  appear  in  quick 
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Fig.  4.  Arrangement  of  costsD  on  last 
quarter  of  fourth  volution  of  PerUphinctes 
cubanenBts,  holotype  A.  M.  N.  H.  No.  18556, 
showing  differential  acceleration  of  coatsB  on 
right  (R)  and  left  (L)  sides  of  whorl  and  the 
origin  of  free  intercalated  costs, ai, appearing 
intercalated  on  right  side,  but  still  being  joined 
to  as  on  the  left  side. 
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succession.  Of  these,  4  is  parallel  to  3  except  at  its  dorsal  end  where  it 
approaches  3  and,  if  prolonged,  would  join  it  about  midway  of  the 
lateral  face  of  the  whorl;  5  bends  more  strongly  toward  4  and  is  shorter 
than  it,  but  on  the  left  side  5  actually  joins  4. 
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Fig.  5.  Arrangement  of  costs  on  last  half  of  fifth  volution  of  PtrUphincte*  cubanensii,  holotyp* 
A.  M.  N.  H.  No.  18556,  showing  grouping  into  triads,  differential  acceleration  on  right  (R)  and  left  t^' 
sides  of  whorl,  the  orad  migration  of  strength  in  each  triad,  and  the  formation  of  intercalated  costa. 

The  left  side  of  the  shell  shows  less  acceleration  in  the  orad  migra- 
tion of  the  strong  costae.  Thus  group  I'  has  1  and  2  united  as  in  group  I 
but  3  is  entirely  free,  not  even  pointing  towards  the  strong  rib.  Group 
II'  shows  costa  1  just  becoming  free  as  in  group  II  on  the  right  side,  but 
costa  3  is  still  nearly  parallel.  The  third  costa  of  groups  V  and  11', 
though  appearing  parallel  to  the  second  costa  in  each  ease,  would,  i 
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continued  dorsally,  join  this  costa  near  the  line  of  involution.  The  third 
costa  of  group  III'  in  its  dorsal  end  bends  toward  the  second  costa,  which 
is  strong,  and  would  join  it,  if  continued,  much  farther  from  the  dorsimi 
than  the  third  costa  of  the  two  preceding  groups.  This,  then,  may  be 
interpreted  as  a  progressive  ventral  migration  of  the  point  of  divergence 
of  the  third  from  the  second  costa  in  the  successive  groups,  even  though, 
at  the  point  of  divergence,  the  shell  is  not  thrown  into  a  costal  elevation. 
The  third  costse  of  groups  I,  II,  and  III  on  the  right  side  show  this 
same  progress  further  along,  costa  3  of  group  I  corresponding  essentially 
to  3  of  group  III',  while  costa  3  of  group  II  very  nearly  joins  costa  2  and 
the  corresponding  <30sta  of  group  III  actually  does  join.  In  this  respect, 
then,  the  three  groups  of  the  right  side  represent  further  stages  in  accele- 
ration beyond  the  first  three  groups  of  the  left  side.  The  fourth  group 
(IV)  of  the  left  side  or  the  a  system  is  less  accelerated  than  the  group 
IV  on  the  right  side,  costse  1,  2,  and  3  of  IV'  corresponding  essentially  to 
1,  2  and  3  of  group  III  on  the  opposite  side.  Costa  1  of  group  IV'  is  free ; 
2  is  the  strong  costa  but  is  deflected  apicad  ventrally;  3  joins  2  at  the 
point  of  deflection;  4  is  still  free  and  essentially  parallel  to  3;  and  5 
turns  towards  4  but  does  not  join  it.  In  group  IV  on  the  right  side,  as 
already  stated,  costa  4  joins  3,.  and  5  joins  4.  Again,  if  we  prolong  costa 
4  in  group  IV'  it  would  join  the  strong  costa  near  the  Une  of  involution 
and  costa  5  would  join  4  much  more  dorsad  than  is  the  case  in  group  IV 
on  the  right  side.  Thus  again  is  shown  the  ventral  migration  of  the  point 
of  departure  of  the  costae  on  the  more  accelerated  side,  a  mode  of  progres- 
sive change  already  referred  to  as  characteristic  of  the  orad  costa  of 
successive  a  systems. 

In  the  intersphincterial  sector  N  there  are  only  three  groups  of 
costse  instead  of  four,  but  these  on  the  whole  are  more  accelerated  along 
the  Unes  already  discussed  than  are  the  corresponding  ones  in  sector  M 
(Fig.  5).  This  is  not  the  case,  however,  with  the  first  group  of  the  right 
side  of  the  N  system,  which  is  essentially  Uke  the  first  group  of  the  M 
system,  but  the  second  group  of  N  is  parallel  to  the  apicad  part  of  group 
IV  in  M;  that  is,  costse  1,  2,  3  of  N-II  have  the  same  relation  to  one 
another  as  costae  1,  2,  3  of  M-IV.  Group  N-III,  however,  is  more  accele- 
rated than  any  group  in  M,  for  the  three  costae  are  parallel,  1  and  2 
being  short  and  free  while  3  is  strong  but  not  deflected.  N-III  is  the  a 
system  of  the  constriction  terminating  N,  on  the  right  side,  but  only 
costa  4  is  preserved,  this  bending  toward  3  but  not  joining  it,  being, 
therefore,  more  accelerated  than  the  corresponding  costa  of  group  M-IV. 
On  the  left  side  of  the  shell,  however,  the  series  is  complete,  groups  I'  and 
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ir  being  practically  the  same  as  their  corresponding  groups  on  the  right 
side,  though  slightly  less  accelerated.  CJosta  4  of  group  III'  has  the 
character  of  4  of  group  III,  but  two  additional  costse,  5  and  6,  appear. 
Costa  5  is  longer  than  4  and  parallel  to  it  and  would,  therefore,  if  pro- 
longed diverge  from  costa  3  nearer  the  Une  of  involution.  Costa  6  is 
short,  its  dorsal  end  bending  towards  5  but  not  joining  it.  Taking  costse 
3,  4,  6,  and  6  of  this  group,  and  the  corresponding  lines  of  growth  of  the 
shell  which  are  always  parallel  to  the  costae  wherever  preserved,  we  see 
here  an  accelerated  forward  growth  of  the  ventral  side  of  the  shell, 
this  being  always  more  rapid  than  the  forward  growth  of  the  shell  as  a 
whole,  a  fact  which  explains  the  arrangement  of  the  cost®  of  this  group. 
This  accelerated  forward  growth  comes  to  an  end  with  the  formation 
of  the  constriction,  as  already  pointed  out. 

The  o  costa,  which  in  all  the  earlier  whorls  is  a  simple,  thick  costa, 
becomes  compound  somewhere  on  the  fifth  volution,  for  it  so  appears  at 
the  constriction  at  five  and  a  half  volutions  and  becomes  progressively 
more  marked.  This  compound  character  is  due  to  an  interruption  in  the 
formation  of  the  costa,  the  mantle  fold,  of  which  it  is  the  shell  expression, 
having  for  a  short  time  contracted  on  the  venter,  giving  rose  to  a  groove, 
after  which  it  expanded  to  the  usual  size  and  a  costa  of  normal  strength 
was  formed.  On  the  holotype  these  two  parts  of  the  compound  costa 
never  become  independent  branches  but,  because  they  are  incipient 
branches  and  so  appear  at  a  rather  early  stage  in  mutation  /3,  I  have 
called  them  the  Oi  and  02  costse. 

The  only  portion  of  the  sixth  whorl  preserved  is  that  from  five  and  a 
quarter  to  five  and  a  half  volutions,  that  is,  from  a  diameter  of  78.6  mm. 
to  one  of  86.5  nun.  In  this  space  there  are  two  constrictions  which  I  shall 
designate  x  and  y  since  I  do  not  know  their  exact  numerical  position  in 
the  ontogeny.  There  are  three  groups  of  costse  in  the  intersphincterial 
region  X  (Fig.  6).  Group  X-I  on  the  right  side  corresponds  almost 
exactly  with  the  stage  of  development  shown  in  group  N-II,  the  accel- 
eration being  so  great  that  instead  of  the  maximum  strength  being  found 
in  the  first  costa  as  it  is  in  group  I  in  M  and  N,  it  has  already  passed  to 
the  third.  Costse  1  and  2  in  X-I  are  both  free  but  directed  towards  3, 
while  in  the  next  group  (II)  they  appear  to  be  almost  parallel  to  3.  In 
this  respect  X-II  corresponds  to  the  first  three  costae  in  N-III.  Group  X- 
III  is  accelerated  beyond  anything  observable  in  the  N  area  and  un- 
doubtedly corresponds  to  some  stage  exhibited  in  the  shell  during  the 
early  part  of  the  sixth  volution,  which  portion,  unfortunately,  is  missing. 
This  last  group  in  X  is  the  complete  a  system  terminating  sector  X  and 
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Fig.  6.  Arrangement  of  the  costs  on  first  half  of  sixth  volution  of  PeriMphincUt  aibantnti*  showing 
adult  costal  grouping,. each  triad  consisting  of  one  long,  strong  costa  and  two  short,  weaker,  free, 
"intercalated "  coste.    Right  side  (R)  more  accelerated  than  left  side  (L) . 
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Fig.  7.  Tracing  from  the  holotypc  of  l*eriMphinctes  cubantnsix  showing  the  la  »t  costie  on  the  final 
whorl  and  the  adult  cotttal  deliinitatiou  of  the  lui»t  constriction.  Note  that  the  new  costa  (04)  begins 
near  umbilical  shoulder;  as  and  as  have  become  obsolescent  dorsally  appearing  as  free,  "intercalated*' 
costa*.    Same  as  group  III  in  Fig.  6,  ai  =co6ta3,a5  =4,  as  =0,04  =C. 
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contains  six  costae,  of  which  the  third  is  the  strongest  (Fig.  7).  Costae  1 
and  2  are  essentially  parallel,  appearing  as  free  ** intercalated"  ventral 
costae;  3  is  deflected  apicad  ventrally  so  that  the  short  branch  4  is  in 
line  with  the  dorsal  portion  of  3  and  would  join  it  if  prolonged.  Costa  5 
is  short  and  directed  toward,  but  not  joined  to,  6.  In  N-III'  the  sixth 
costa  is  short  while  5  is  longer,  extending  half-way  towards  the  dorsum, 
while  in  X-III  and  X-III'  the  strength  has  passed  orad  to  6  which  is  the 
longer  costa  and  which  extends  three-fourths  of  the  way  towards  the 
dorsum.  On  the  left  side  of  the  whorl  the  first  of  the  three  X  groups  is 
slightly  less  accelerated  than  on  the  right,  costa  2  is  a  little  stronger  than 
3  and  the  line  of  continuous  growth  is  along  the  former  not  the  latter 
as  on  the  right  side ;  3,  however,  is  united  to  2.  Group  X-II'  is  practically 
identical  with  X-II,  as  is  also  X-IIF  with  X-III.  On  the  orad  part  of 
the  left  side  some  of  the  shell  is  preserved  towards  the  dorsimi  and  the 
growth-Unes  are  clearly  shown  paralleling  the  long  and  strong  3  costa 
and  the  shorter,  weaker  0.  In  the  shell  it  ls  seen  that  the  sixth  costa 
approaches  much  nearer  the  dorsum  than  would  he  supposed  from  what 
can  be  observed  in  the  internal  mold,  which  suggests  that  iti  later  whorls 
this  ^^ill  become  a  normal  long  costa. 

These  details  concerning  the  mode  of  costal  development  through- 
out the  ontogeny  of  this  species  bring  out  the  following  interesting  facts: 
(1)  the  costae  develop  in  a  definite  and  progressive  manner  throughout  the 
entire  conch;  (2)  the  sphincters  divide  the  conch  into  sectors  in  each 
one  of  which  the  costae  develop  with  mathematical  precision  and  increas- 
ing complexity,  the  arrangement  at  the  beginning  of  each  sector  repeat- 
ing that  at  the  middle  or  end  of  the  preceding  one,  while  the  costae  at  the 
end  of  each  sector  are  more  advanced  than  those  at  the  end  of  the  preced- 
ing one;  the  definite  trends  in  development  are  thus  progressive  in  their 
entirety,  but  ^t  repeated  intervals  in  the  life  of  the  animal  there  was  a 
resting  period,  a  slight  repetition  and  then  a  further  advance;  (3)  there 
was  differential  acceleration  on  the  right  and  left  sides  of  the  animal, 
showing  that  the  mantel  folds  were  seldom  absolutely  bilaterally  sjrm- 
metrical,  one  side  of  the  mantel  having  been  thrown  into  folds  such  as 
the  opposite  side  had  one-quarter  or  one-half  of  a  volution  before. 
Yet  each  side  showed  the  same  plan  of  costal  arrangement  and  though 
one  lagged  behind  the  other  the  nicety  and  exactness  of  their  correspond- 
ence is  truly  remarkable.  The  significance  of  this  clearly  demonstrated 
orthogenetic  method  of  growth  is  more  fully  discussed  in  another  paper.^ 

'O'Connell,  Marjorie.     1919.     Orthogenetic  Development  of  the  Cost®  in  the  Periaphinctin»- 
Amer.  Journ.  Sci.,  XLVIII,  pp.  458-460. 
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Having  considered  in  detail  the  arrangement  and  number  of  costxe 
and  the  sphincterial  costal  systems  we  may  turn  to  the  form  and  mode  of 
growth  of  the  individual  costsi.  As  we  have  already  observed,  the  cost© 
on  the  first  four  volutions  begin  on  the  umbilical  shoulder,  but  in  the 
last  two  volutions  the  point  of  origin  moves  dorsally,  the  o  costa  being, 
in  general,  slightly  longer  than  adjoining  costse.  In  those  places  on  the 
fifth  and  sixth  volutions  where  the  shell  is  preserved,  all  costse  are  seen 
to  arise  directly  from  the  line  of  involution,  but  the  internal  mold  shows 
the  first  traces  of  these  same  costse  only  on  the  umbilical  shoulder, 
which  would  lead  to  the  supposition  that,  were  the  shell  preserved 
throughout  the  later  whorls,  all  of  the  costse  would  be  found  to  have 
their  inception  at  the  lines  of  involution.  •  Throughout  the  ontogeny  the 
costse  are  directed  orad  at  an  angle  of  about  20°  to  a  line  passing  through 
the  centre  of  the  umbilicus.  Since  the  lateral  costse  in  general  develop  par- 
allel to  one  another,  it  is  obvious  that,  being  on  a  spiral,  if  a  costa  had  an 
orad  trend  of  20°  at  any  point  and  the  next  costa  were  parallel  to  it  the 
second  would  have  a  direction  less  than  20°.  This  is  actually  the  case  and 
the  costse  would  in  time  be  directed  less  and  less  orad,  until  they  became 
vertical  to  the  whorl  and  would  then  bend  apicad.  But  we  have  seen 
that  prior  to  the  formation  of  each  constriction  there  is  an  excessive 
ventral  growth  and  formation  of  new  costse  so  that  the  general  trend  is 
restored.  To  be  more  precise,  it  is  only  the  successive  o  costse  that  have 
the  orad  inclination  of  20°,  while  the  succeeding  intersphincterial  costse 
become  progressively  less  and  less  inclined  until  the  first  costa  of  each  a 
system  averages  an  incUnation  of  only  about  15°.  The  strong  apicad  re- 
flection of  the  costse  on  the  umblical  shoulder  is  a  character  which  is 
found  in  all  of  the  mutations  but  is  not  confined  to  this  species.  A  slight 
orad  inflection  at  about  the  middle  of  the  flanks  is  very  generally,  though 
not  invariably,  present.  The  primary  costse  are  most  sharp  at  the  um- 
bilical shoulder,  becoming  less  salient  and  more  rounded  as  they  approach 
the  point  of  branching.  On  the  venter  all  of  the  costse  have  approxi- 
mately th&same  strength,  with  the  exception  of  the  simple  or  compound 
0  costa,  which  is  pronounced  not  because  it  is  any  higher  but  because  it 
is  broader  and  thicker  than  the  other  costse.  Occasionally,  too,  the  last 
costa  of  the  a  system  is  thickened.  On  the  later  whorls  the  most  sharp 
and  salient  costse  are  the  longest  ones  of  the  a  systems  of  the  successive 
constrictions. 

Wherever  the  venter  is  exposed  the  costse  in  the  internal  mold  show 
a  slight  depression  or  apparent  obsolescence  on  the  median  ventral  line. 
In  some  places  the  costse  are  completely  interrupted,  in  others  merely 
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notched,  while  at  the  end  of  the  last  whorl  preserved  most  of  the  co6t» 
show  no  weakening  at  all  in  crossing  the  venter.  Where  this  obso- 
lescence is  shown  there  is  produced  a  smooth,  narrow  ventral  band.  The 
full  significance  of  this  feature  is  discussed  below  on  p.  669,  but  it  may 
here  be  stated  that  the  interruption  is  visible  only  on  the  internal  mold 
and  that  in  the  few  places  where  the  shell  is  preserved  on  the  venter  the 
costae  show  no  weakening.  The  smooth  ventral  band  is,  therefore,  occa- 
sioned by  the  formation  of  a  ridge  on  the  inner  surface  of  the  shell,  this 
ridge  being  due  to  excessive  shell  deposition  or  an  internal  ventral  thick- 
ening which  finds  no  expression  in  the  outer  surface. 

Sutures. — As  is  the  case  with  so  much  of  this  Cuban  material,  the 
preservation  is  such  that  no  sutures  are  shown. 

Comparison  with  Related  Forms. — Since  the  holotype  of  this 
species  is  almost  certainly  not  the  conch  of  a  fully  grown  individual 
and  since  no  sutures  are  shown,  comparison  with  other  species  is  very 
difficult.  It  is  very  closely  related  to  Perisphindes  durangensis  Burck- 
hardt  from  the  lower  beds  of  the  Upper  Oxfordian  of  Cerro  del  Volc4n 
in  Durango,  Mexico.  Unfortunately,  Burckhardt  had  only  a  single, 
fragmentary  specimen  and  his  specific  characteristics  as  to  form,  propor- 
tions, and  costal  arrangement  are  described  from  the  last  two  whorls 
only.  The  dimensions  which  he  gives  are  taken  at  a  diameter  of  123  mm., 
while  the  specimen  of  P.  cubanensis  shows  a  maximum  diameter  of  86.37 
mm.  Comparisons  in  actual  measurements  and  in  proportions  between 
the  two  species  are,  therefore,  impossible  but  the  form,  cross-section  of 
whorls,  costal  arrangement,  and  the  mode  of  development  of  the  costse 
bounding  the  sphincters  may  be  compared  and  in  these  respects  the  two 
species  are  very  similar. 

Horizon  and  Locality. — Lower  beds  of  the  Upper  Oxfordian; 
Viftales,  Pinar  del  Rio,  Cuba. 

PerisphincteB  cubanensis  a.  new  mutation 
Plate  XXXIV,  Figures  3  and  4 
HoLOTV'PE  (A.  M.  N.  H.  No.  18557). — This  mutation  is  represen- 
ted by  a  single  specimen  which  is  practically  complete,  except  for  one 
break,  through  five  and  a  half  volutions.  The  last  whorl  has  been  crushed 
and  a  certain  amount  of  lateral  compression  has  thus  been  brought 
about.  Shell  remains  in  only  a  few  places  and  it  is  in  such  a  poor  state 
of  preservation  where  it  is  shown  that  it  is  of  little  value  except  at  the 
end  of  the  specimen,  where  a  narrow  strip  shows  the  mode  of  growth  of 
one  of  the  costa^. 
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The  conch  in  form,  proportions  and  amount  of  involution  is  so 
similar  to  the  holotype  of  P.  citbanensis  that,  were  it  not  for  differences 
in  the  costal  and  sphincterial  development,  the  two  specimens  would  be 
considered  as  the  same  species,  for  they  differ  less  from  each  other  in 
these  allometric  characters  than  do  many  individuals  which  are  unhesita- 
tingly referred  to  a  single  species.  Unfortunately,  it  is  impossible  to 
make  measurements  of  the  young  stages,  but  between  the  diameters  of 
39.3  mm.  and  65.0  mm.  the  actual  dimensions  and  proportional  ratios 
are  almost  identical  in  the  two  forms  and  they  show  the  same  directions 
in  development.    (Compare  Tables  1  and  2.) 


Table  2.    Allometric  Changes  in  Perisphindes  cvbanensis  mutation  a 
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7nm. 

h.i. 
mm. 

h.i. 
d 

h.i.  1  h.i.z. 
mm.\  mm. 
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h.p. 
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w 
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w 
d 

w 
h.i. 

u 
mm. 

u 
d 

h.i. 
u 

No.  of  volu- 
tions completed 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

39.3 

15.1 

0.38 

1 

1 

1 

19.3 

13.1 

0.33 

0.86 

13.6 

0.34 

1.11 

4% 

45.5 

16.9 

0.37  .... 

22.1 

14.4 

0.31 

0.85 

15.7 

0.34 

1.06 

5 

65.0 

23.4 

0.3618.8 

4.6 

0.29 

31.8 

18.8 

0.29 

0.81 

25.3 

0.39 

0.92 
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It  will  be  noted  that  the  measurements  and  ratios  for  mutation  a 
might  almpst  be  used  as  interpolations  for  P.  cvbanensis:  the  first  two 
lines  of  figures  in  Table  2  would  fit  in  between  the  second  and  third  in 
Table  1,  while  the  third  line  in  Table  2  would  fit  in  between  the  third  and 
fourth  in  Table  3.  There  are,  however,  certain  differences  due  to  slight 
differential  acceleration  or  retardation  in  the  allometrons.  For  instance, 
if  we  take  P.  cvbanensis  as  the  standard  for  comparison,  then  mutation  a 
shows  retardation  in  the  retention,  at  a  diameter  of  65  mm.  of  the  shell 

ratios  —  and  ~.    which  in  P.  cvbanensis  are  found  at  some  diameter 
a  h.i. 

between  22  and  33  nun.  On  the  other  hand,  the  ratios  of  width  of  um- 
bilicus to  diameter  and  of  height  of  whorl  to  mnbilicus  are  in  mutation 
a  at  65  mm.,  diameter  the  same  as  are  found  at  some  diameter  between 
65  and  83  mm.,  in  P.  cvbanensis.  In  this  respect,  then,  mutation  a  is 
accelerated.  These  varying  rates  of  change  furnish  an  excellent  example 
of  heteroepistasis. 
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In  costal  arrangement  mutation  a  retains  a  primitive  condition, 
most  of  the  triad  groups  showing  only  one  free  costa,  while  in  the  adult 
P,  cubanensis  both  of  the  short  costse  have  become  free.  The  costae 
bounding  the  sphincters  in  the  last  whorl  of  mutation  a  have  the  appear- 
ance of  homologous  costse  in  the  early  stages  of  P.  cubanensis,  the  points 
of  divergence  of  the  a  costse  not  having  migrated  very  far  ventrad,  while 
the  0  costse  show  no  tendency  toward  ventral  division.  The  whole  costal 
plan,  as  well  as  the  individual  costse,  show  less  acceleration  than  obtains 
in  either  P.  cuhaneims  or  mutation  /3. 

The  internal  mold  shows  a  ventral  groove  the  same  as  in  P.  cuhanen- 
sis  and  mutation  /3  and  its  origin  is  the  same. 

The  preservation  is  such  that  no  sutures  are  shown. 

Horizon  and  Locality. — Lower  beds  of  the  Upper  Oxfordian; 
Vifiales,  Pinar  del  Rio,  Cuba. 

Perisphinctes  cubanensiB  j3,  new  mutation 
Plate  XXXV,  Figures  1  and  2 

HoLOTYPE  (A.  M.  N.  H.  No.  18558). — The  third  specimen  in  this 
group  is  rather  poorly  preserved  and  the  inner  whorls  cannot  be  studied, 
but  in  its  proportions  it  appears  undoubtedly  to  belong  to  the  P.  cubanen- 
sis  series,  although  the  costse  show  an  acceleration  beyond  any  stage 
observed  in  the  other  forms.  While  it  is  imp)Ossible  to  count  the  inner 
whorls,  it  is  probable  that  there  are  about  five  volutions  represented, 
judging  from  the  size. 

The  conch  is  most  like  that  of  nmtation  a,  showing  the  same  pro- 
portional deviations  from  P.  cubanensis  as  does  that  mutation.  The 
amount  of  involution  is  approximately  the  same  for  all  the  specimens 
at  the  same  diameter.  In  Table  3  are  given  all  of  the  measurements 
that  could  be  obtained  from  the  specimen,  together  with  the  ratios. 


Table  3. 

Allometric  Changes  in  Perisphinctes  cubanensis  mutation  ^ 
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0.37 

19.1    12.7 

0.37 

0.85 

13.8 

0.34 

1.08 

44.7 

15.9 

0.35 

21.1 

13.2 

0.29 

0.83 

18.1 

0.41 

0.88 

1 

50.7 

17.4 

0.34 

1 

23.9 

14.3 

0.28 

0.82 

20.3 

0.40 

0.85 
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From  these  figures  we  see  that,  when  the  conch  is  39.7  mm.  in  diameter, 
it  is  almost  identical  in  form  with  mutation  a  at  a  diameter  of  39.3 
mm.  (see  Table  2)  and,  in  consequence,  the  acceleration  or  retardation 
in  proportions  which  we  noted  when  comparing  mutation  a  with  P, 
cubanensiSy  hold  also  for  mutation  /3.  But,  while  at  this  stage  a  and  /3 
are  alike  and  both  differ  in  the  same  way  from  P.  cubanensis  and  while 
both  continue  as  they  increase  in  size  to  differ  in  the  same  directions 
from  the  primitive  form,  /3  shows  a  more  rapid  progress  in  ratio  changes 
than  does  a,  so  that  when  /3  is  50.7  mm.  in  diameter  it  has  very  nearly 
the  shell  ratios  of  a  at  65  nmi.  or  is  sUghtly  in  advance. 

It  is  in  the  costal  arrangement  that  mutation  /3  differs  most  decidedly 
from  the  other  two  specimens  in  this  group  and  it  is  possible  that  when 
more  niaterial  is  studied  this  difference  will  be  found  to  be  great  enough 
to  require  the  separation  of  this  mutation  as  a  distinct  species.  Even 
on  the  fourth  volution  the  costae  show  a  rep)eated  double  bifurcation 
and  once  a  triple  bifurcation,  so  that  the  typical  triad  grouping  is  fre- 
quently interrupted  by  bundles  of  costae  arranged  in  multiples  of  two. 
This  is  well  shown  at  the  very  end  of  the  holotype  in  figure  1  on  Plate 
XXXV.  The  o^costse,  wherever  visible,  are  markedly  double  in  character  on 
the  venter,  assuming  at  an  early  stage  a  character  which  in  P.  cubanensis 
does  not  become  prominent  until  the  fifth  volution.  Since  there  is  only 
a  single  specimen  of  mutation  /3  and  none  of  the  early  whorls  are  shown 
nor  any  sutures,  its  affinities  are  a  little  uncertain  except  as  indicated  by 
the  allometric  proportions. 

Horizon  and  Localities. — Lower  beds  of  the  Upper  Oxfordian; 
Vifiales,  Pinar  del  Rio,  Cuba. 

Perisphinctes  delatorii,  new  species 
Plate  XXXV,  Figures  3;  4a,  6,  c;  5;  6 
1920.     Perisphindes  delatorii  O'Connell.    Roig,  La  Fauna  Jurdsica  de  Vifiales,  p. 
23,  PI.  VII,  fig.  2. 

HoLOTYPE  (A.  M.  N.  H.  No.  18559). — Portions  of  six  volutions 
are  preserved,  but  after  the  second,  which  is  complete,  only  half  or  less 
of  each  whorl  remains.  During  the  preparation  of  the  specimen,  which 
was  almost  wholly  embedded  in  the  tough  limestone  of  one  of  the  nod- 
ules, the  incomplete  later  whorls  separated  from  each  other  so  that  the 
entire  dorsum  and  venter  of  the  fifth  and  sixth  and  the  venter  of  the 
third  and  fourth  volutions  were  exposed.  On  the  first,  second,  and  third 
whorls  the  shell  is  more  or  less  preserved,  but  beyond  these  there  is 
only  the  internal  mold,  which,  however,  on  the  dorsum  of  the  last  two 
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whorls  has  the  shell  from  the  preceding  whorls  still  cUnging  to  it.  At 
three  places  the  conch  has  broken  along  septa  exposing  to  view  the 
lobes  and  saddles. 

Form  and  Proportions. — The  first  two  whorls  are  smooth,  evolute, 
and  rounded  on  sides  and  venter.  At  the  earUest  point  where  measure- 
ments can  be  made,  that  is,  in  the  first  quarter  of  the  third  volution,  the 
whorl  is  only  five-sevenths  as  high  as  wide,  the  involution  is  close  and  the 
height  is  considerably  more  than  the  width  of  the  umbilicus.  The  read- 
ings recorded  in  Table  4  show  that  the  following  changes  in  proportion 
take  place  in  the  ontogeny:  (1)  the  ratio  of  width  to  height  of  whorl 
progressively  diminishes  from  1.40  at  a  diameter  of  5.70  mm.  to  0.84 
at  a  diameter  of  67.1  mm.;  (2)  the  ratio  of, height  to  diameter  also  pro- 
gressively diminishes,  passing  from  0.44  to  0.32  in  the  same  diameter 
intervals;  (3)  the  ratio  of  width  to  diameter  decreases  from  0.61  to 
0.28;  (4)  the  ratio  of  width  to  umbilicus  fluctuates,  but  is  greater 
from  a  diameter  of  35  mm.  on  than  in  the  earlier  stages.  In  other  words, 
as  the  conch  increases  in  size  it  becomes  more  evolute,  passing  from  a 


Table  4. 

Allometric  Changes  in  Perisphindes  delaUmi,  new  species 
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stage  where  the  whorls  are  wider  than  high  through  one  where  they 
are  of  equal  dimensions  (at  35  mm.)  to  one  where  they  are  higher  than 
wide.  The  sides  change  in  outline  from  rounded  to  compressed,  with  the 
result  that  the  line  of  greatest  width  of  whorl  passes  from  the  middle 
in  the  young  conch  towards  the  dorsum  in  the  adult.  It  will  further  be 
observed  from  the  data  in  the  table  that  all  of  the  ratios  change  more 
rapidly  in  the  young  than  in  the  adult  conch;  thus,  taking  the  range  of 


the  four  ratios 


h.l 


-r^  t-t'  and 
a    h.%. 


h.i. 


from  the  diameter  of  5.70  mm. 


d       a    n.t.  u 

to  that  of  35.1  nmi.  and  comparing  these  with  the  corresponding  ranges 
from  35.1  mm.  to  67.1  mm.,  we  have  the  following: 


Range  in 
Diameter 


Range  in  Ratio 

.  h.i. 
of  — — 


Range  in  Ratio 

w 


Range  in  Ratio 

w 


of 


h.i. 


Range  in  Ratio 


5.7—35.1 
35.1—67.1 


0.44—0.33 
0.33—0.32 


0.61—0.33 
0.33—0.28 


1.40—1.00 
1.00—0.84 


1.14—0.85 
0.85—0.71 


CosTiE  AND  Sphincters. — The  first  two  whorls  are  smooth  and,  so 
far  as  the  preservation  permits  of  accurate  observation,  there  are  no 
constrictions  until  near  the  completion  of  one  and  three-quarters  volu- 
tions. Here,  and  again  at  about  one  and  seven-eighths  volutions,  occurs 
a  pronounced  constriction  with  a  strong  orad  trend  ventrally.  We  are 
able  to  estabUsh  beyond  any  doubt  the  earlj'^  character  of  the  whorl  in 
this  species,  because  the  specimen  shows  the  entire  sides  and  venter  of 
the  first  quarter  of  the  third  volution,  and — a  thing  which  is  rare  in  this 
material — the  shell  is  preserved.  At  the  very  beginning  of  the  volution 
the  shell  is  smooth  and  then,  almost  inunediately,  appears  the  third 
constriction  which  is  most  profound  where  it  crosses  the  imibilical  zone 
and  shoulder  and  least  marked  on  the  venter.  The  whorl  here  is  3.2  nun. 
wide  and  2.3  mm.  high,  while  the  imibilicus  is  2.8  nma.  in  width.  Bound- 
ing the  constriction  on  the  orad  side  is  the  first  costa  of  the  conch,  thick 
and  strong  on  the  venter,  weaker  on  the  sides  and  not  discernible  dorsad 
of  the  umbilical  shoulder.  Between  the  third  and  fourth  sphincters  the 
venter  and  sides  of  the  whorl  are  smooth  except  for  the  fine  growth- 
lines  which  can  be  clearly  seen  and  which,  from  their  strong  orad  trend, 
indicate  that  the  ventral  growth  was  very  much  in  excess  of  the  dorsal, 
as  is  also  shown  by  the  fact  that  between  these  two  constrictions  the 
ventral  arc  measures  4  mm.,  the  dorsal  only  1  mm.    On  the  orad  side  of 
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the  first  0  costa  the  shell  along  the  umbilical  shoulder  is  at  first  as  smooth 
as  it  is  on  the  sides  and  venter  and  then  there  appear  three  gentle  undula- 
tions which,  though  faint,  are  distinct  and  show  the  first  stages  in  the 
formation  of  intersphincterial  costse.  They  are  only  0.7  nun.  in  leni^h 
and  fade  away  imperceptibly  towards  the  venter. 

We  thus  see  that  the  costae  are  not  at  first  continuous,  nor  should  we, 
indeed,  expect  them  to  be  from  the  very  method  of  their  development, 
for  the  costse  are  but  the  outer  and  visible  expression  in  the  shell  of  the 
inner  and  now  invisible  configuration  of  the  mantle  of  the  living  animal. 
The  appearance  of  costae  means  that  a  transverse  oral  fold  had  formed  at 
this  stage  in  the  growth  of  the  animal.  Such  a  fold,  repeated  at  regular 
intervals  throughout  the  life  of  the  individual,  seems  in  the  beginning  to 
have  arisen  as  a  mechanical  adaptation,  although  after  it  had  become 
impressed  as  a  fixed  character  it  continued  to  form  even  after  the 
mechanical  necessity  had  largely  ceased  to  exist.  We  have  noted  that 
in  the  third  volution  the  shell  on  the  venter  was  increasing  very  rapidly, 
while  on  the  dorsum  the  rate  was  only  one-fourth  as  great.  On  the 
venter  the  shell  is  smooth,  indicating  that  the  rate  of  shell-building  just 
kept  pace  with  that  of  the  growth  of  the  abdomen.  If  we  suppose  that 
on  the  imfibilical  margin  the  rate  of  shell-building  lagged  behind  the 
rate  of  growth  of  the  dorsum  of  the  animal,  then  we  would  have,  in  the 
mechanical  necessity  for  the  crowding  of  the  soft  parts  into  the  dorsal 
shell  region,  an  adequate  explanation  of  the  formation  of  short  folds  to 
take  up  the  surplus  in  growth.  The  explanation  is  suggested  as  one  which 
is  adequate  to  account  for  the  facts  observed  and  as  one  which  is  in 
accord  with  similar  phenomena  observed  in  other  MoUusca,  but,  until 
more  specimens  have  been  studied,  no  general  applicability  can  be 
claimed  for  it  in  other  species.  It  is  evident  that  folds  formed  in  this 
manner  for  the  purpose  of  enabling  the  animal  to  crowd  its  soft  parts 
into  a  shell  which  was  too  small  on  the  back  would  give  rise  to  costfie 
which,  if  we  read  their  origin  aright,  would  not  pass  across  the  venter. 

The  temptation  is  strong  at  this  point  to  venture  a  generalization 
concerning  the  origin  of^costse  in  general,  namely,  that  the  point  of 
inception  is  in  the  umbiUcal  zone  and  that  costse  are  at  first  short  and 
developed  only  on  the  dorsal  portion  of  the  sides  whence,  during  the 
ontogeny,  they  extend  ventrad  and  may  in  time  cross  the  venter,  when 
they  will  appear  as  complete  costse.  This  generalization  is  borne  out  by 
two  other  line?  of  evidence,  the  first  phylogenetic,  the  second  ontogenetic. 
The  most  primitive  species  of  the  Lower  Jurassic  (Liassic)  genus  Psilo- 
ccras  is  characterized  in  the  adult  by  simple  unbranching  costse  which 
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arise  on  the  umbilical  shoulder,  are  strong  on  the  sides,  and  become  faint 
or  obsolescent  on  the  venter.  In  this  form  which  Hyatt  has  called  Psilo- 
ceras  planorbe  var.  plicatum}  we  have  very  possibly  the  ancestral  type  of 
the  genus  P^risphinctes  and  we  see  that  the  costae  which  are  characteris- 
tic of  the  neanic  and  ephebic  stages  in  Psiloceras  have  the  form  and 
mode  of  development  which  they  display  in  the  early  part  of  Peri- 
sphindes  where,  in  less  than  half  of  a  volution,  the  conch  passes  from  the 
smooth  to  the  regularly  ribbed  form,  showing  thus  in  its  ontogeny  a 
recapitulation  of  the  characters  of  the  early  Jurassic  form.  If,  as  has 
been  thought,  P»ilocera8  is  a  decadent  genus  and  not  a  primitive  radical 
of  several  groups,  we  should  look  for  some  Psiloceras-Yike  ancestor  of  the 
Perisphinctina?.  The  ontogenetic  evidence  mentioned  above  as  being  in 
support  of  the  general  statement  regarding  the  mode  of  formation  of 
costflB  is  found  in  the  life  histor>'  of  Perisphinctes  cubanensis  and  of  each 
of  its  mutations.  At  all  times  when  new  costae  appear  they  are  first 
formed  as  part  of  the  a  system,  and  they  always  begin  near  the  umbilical 
suture  or  shoulder  as  we  have  repeatedly  seen. 

Beyond  the  fourth  constriction,  that  is,  at  about  2%  volutions,  the 
shell  is  smooth  for  a  short  distance  and  then  the  costae  appear,  stronger 
and  slightly  longer  than  in  the  preceding  intersphincterial  area,  but  not 
yet  reaching  the  venter,  nor  even,  indeed,  the  line  of  inclusion.  The 
development  is  similar  between  the  fifth  and  sixth  constrictions,  the 
whorl  being  smooth  inmiediately  orad  of  the  o  costa  and  then  the  costse 
appear,  faint  at  first  but  increasing  in  strength  until  the  a  costa  is  reached. 
Here,  on  the  apicad  side  of  the  sixth  constriction,  at  about  three  and  a 
half  volutions,  there  is  observable  the  first  costal  branching.  The  oi 
costa  is  exceptionally  thick  on  the  umbilical  shoulder  and  at  a  height  of 
about  0.6  mm.,  from  the  line  of  involution  02  diverges  at  a  small  angle  and, 
judging  from  the  strength  of  this  branch  and  of  oi,  the  two  pass  across 
the  venter.  The  formation  of  this  new  costa,  not  parallel  to  but  diver- 
gent from  the  simple  intersphincterial  costae,  brings  about  a  reduction  in 
the  differential  acceleration  of  growth  on  the  venter  as  compared  to  that 
on  the  dorsum,  so  that  the  angle  at  which  the  constriction  bends  orad  is 
smaller  than  it  had  been  up  to  this  point.  This  phenomenon  is,  perhaps, 
to  be  explained  as  due  to  a  slowing  up  of  the  shell-building  power  on  the 
venter  without  a  corresponding  decrease  in  the  abdominal  growth  of  the 
animal,  with  the  result  that,  confronted  by  the  necessity  of  keeping 
itself  within  a  shell  that  was  not  growing  as  fast  as  it  was,  the  animal  had 

»Gene8i»of  the  Arietidff,  1889,  p.  121,  PI.  i,  figs.  5.  6. 
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to  form  an  additional  fold  in  its  mantle  and  this  fold  apparently  extended 
across  the  venter  from  the  very  beginning  of  its  development  and  did 
not,  like  the  earlier  folds  which  took  up  the  surplus  growth  along  the 
umbilical  margin,  die  out  on  the  sides.  After  the  seventh  constriction 
the  specimen  is  broken  so  that  it  is  impossible  to  give  the  absolute 
number  of  the  constrictions  on  the  later  whorls. 

At  four  and  a  half  volutions  the  a  system  has  the  following  arrange- 
ment: ai  is  simple  and  strong;  at  the  umbilical  shoulder  at  which  is  less 
salient  diverges  from  and  quickly  becomes  parallel  to  Oi,  while  ventrally 
the  former  even  slightly  approaches  the  latter.  Costa  aj  diverges  from  at 
at  4.0  mm.,  from  the  line  of  involution,  appearing  as  a  bifurcation  of  oj. 
From  the  comf)Ound  az-az  stem,  n^  diverges  at  3.4  mm.  from  the  um- 
bilical suture  and  does  not  attain  the  same  strength  as  the  other  a  cost« 
until  it  reaches  the  venter.  All  of  the  costse  of  the  a  system  become  of 
equal  strength  in  crossing  the  venter,  but  on  the  sides  ai  is  the  strongest 
and  the  later-formed  ones  are  weaker. 

In  the  succeeding  intersphincterial  region  the  first  costa  following  o 
is  simple,  the  second,  third,  and  fourth  are  bifurcatingly  branched.  In 
the  second  the  orad  branch  is  slightly  stronger  and  bends  forward;  in 
the  third  the  strength  is  a  little  greater  in  the  apicad  branch,  with  the 
point  of  divergence  of  the  orad  branch  weakened,  the  continuity  being 
on  the  apicad  part  of  the  fork.  This  is  more  marked  on  the  fourth  costa. 
The  fifth  is  again  simple;  the  sixth  and  seventh  are  bifurcatingly 
branched,  the  orad  branch  of  the  sixth  being  slightly  the  stronger,  but  in 
the  seventh  both  branches  are  equal  in  strength.  The  eighth  costa  is 
bifurcatingly  forked  but  the  greater  strength  is  in  the  apicad  branch. 
The  ninth  costa  has  the  character  of  a  simple  rib  with  an  orad  branch 
separated  from  it  dorsally,  this  having  the  appearance  of  a  free  inter- 
calated rib.  Then  follows  the  a  system.  On  the  whole,  then,  in  this 
intersphincterial  region  the  stronger  part  of  the  branching  costa  is  the 
apicad  f)ortion,  the  orad  branch  being  mostly  a  little  weaker  and  in  one 
case  still  distinct  from  the  apicad.  In  only  one  costa  is  the  reverse  the 
case.  As  already  shown  in  the  ontogeny  of  the  holotype  of  P,  cubanensis, 
the  later  whorls  show  a  forward  migration  in  the  strength  of  the  branches. 
Thus,  practically  all  of  the  costae  of  this  intersphincterial  series  are  in  the 
condition  shown  by  the  first  groups  of  later  intersphincterial  systems. 

The  a  system  which  succeeds  the  group  just  described  has  the  fol- 
lowing arrangement:  ai  is  strong,  02,  which  is  weaker  and  not  so  salient 
as  ai,  branches  off  at  4.2  mm.,  above  the  line  of  involution,  this  point, 
therefore,  being  relatively  as  well  as  absolutely  more  ventrad  than  is  the 
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point  of  branching  in  the  preceding  a  system;  az  separates  off  at  2.5 
mm.,  above  the  line  of  involution  and  the  strength  of  02  continues  across 
the  venter  in  as;  (U  appears  as  a  free  costa. 

The  next  intersphincterial  system,  which  begins  at  4^  volutions 
has  the  following  arrangement.  After  the  usual  strong  0  costa  follows  a 
simple  costa  (I)  with  a  pronounced  orad  deflection  on  the  side  of  the 
whorl,  a  character  which  is  found  in  the  first  costse  of  all  the  succeeding 
intersphincterial  groups,  but  has  not  up  to  this  stage  in  the  ontogeny  been 
very  marked.  In  group  II  on  the  right  side  the  apicad  branch  is  free, 
but  on  the  left  side  it  is  still  slightly  in  junction  with  the  costa  as  a  whole, 
the  strength  of  which  is  continued  in  the  orad  branch.  Group  III  on  the 
right  side  has  the  greatest  strength  and  continuity  in  the  orad  branch, 
but  the  apicad  is  still  weakly  joined  to  it,  while  on  the  left  side  the 
strength  of  both  branches  is  about  equal.  These  relations  hold  in  the 
succeeding  costse  with  but  slight  variations.  Thus,  on  the  whole,  the 
strengthening  has  passed  to  the  orad  branch,  though  this  is  not  true  for 
every  costa  as  yet.  The  left  side  of  the  conch  is  a  Uttle  more  accelerated 
in  this  respect  than  the  right. 

At  5?^  volutions  and  on,  the  character  is  still  essentially  the  same. 
The  first  costa  of  each  group  is  simple,  the  other  two  branched  (appear- 
ing bifurcated)  with  the  strength  more  constantly  in  the  forward  branch, 
the  apicad  being  frequently  free. 

Ventral  Groove. — The  last  whorl  of  this  species  (PI.  XXXV,  figs.  4c 
and  5)  is  of  very  great  significance,  since  it  provides  the  proof  of  the 
origin  of  the  ventral  groove  seen  in  the  internal  molds  of  all  of  the  Cuban 
species  of  Perisphinctes  and  noted  as  well  in  many  European  forms. 
This  groove  has  been  mistaken  by  some  authors  as  identical  with  that 
present  in  the  genus  Idoceras  and  for  this  reason  the  rocks  at  Vifiales 
were  originally  correlated  with  the  Kimmeridgian  of  Mexico.  The 
geologic  significance  of  this  apparently  insignificant  groove  is,  therefore, 
evident. 

Because  of  the  manner  in  which  the  individual  whorls  of  P.  delatorii 
separated  during  the  process  of  preparation,  I  was  able  to  see  the  dorsum 
and  venter  of  several  of  them,  and  the  last  whorl  fortunately  retained  on 
its  dorsal  surface  the  shell  from  the  preceding  whorl.  By  making  a 
pohshed  cross-section,  shown  in  PI.  XXXV,  fig.  5, 1  found  that  the  shell  is 
composed  of  two  layers.  The  outer  one,  clearly  formed  by  the  edge  of  the 
mantle,  showed  a  normal  rounded  venter  with  the  costa  uninterrupted, 
the  inner,  however,  was  thickened  at  the  middle  and  must  have  been  sub- 
sequently formed  by  the  mantle  within  the  body  chamber.    This  median 
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thickening  produced  a  ridge  which  projected  inward  and  which  would 
give  rise  to  a  groove  in  the  internal  mold.  Thus  in  Idoceras  (PI.  XXXVI, 
fig.  3)  the  costae  in  the  shell  appear  bevelled  down  to  the  level  of  the 
median  ventral  Une,  while  in  the  Cuban  Perisphinctes  they  are  perfectly 
continuous  across  the  venter  in  the  shell  but  in  the  internal  mold  there  is 
a  groove  cut  into  the  costae.  Morphologically  the  two  smooth  bands 
which  are  produced  are  totally  unrelated,  the  one  in  Idoceras  being 
formed  at  the  aperture  in  the  shell,  the  one  in  the  Perisphinctes  occurring 
only  in  the  mold  and  being  an  expression  in  reverse  of  a  secondary  in- 
ternal thickening  of  the  shell.  This  median  groove  has  been  observed 
in  a  large  number  of  European  species  of  PerisphindeSy  but  all  of  these 
are  known  only  from  internal  molds  so  that  the  significance  of  the  groove 
and  its  mode  of  origin  have  never  been  determined.  Pompeckj  called 
attention  to  the  fact  that  every  specimen  of  Perisphinctes  plicatilis 
which  he  had  seen  showed  a  groove  and  he  regretted  that  none  of  them 
had  any  of  the  shell  preserved.  Some  European  authors  have  suggested 
that  the  groove  was  due  to  wear  on  the  specimen  but,  since  it  is  visible 
on  the  inner  whorls  when  the  specimen  is  broken  down,  such  an  explana- 
tion obviously  is  incorrect.  The  groove  is  neither  of  specific  nor  generic 
value  as  is  the  smooth  band  in  Idoceras,  for  I  have  observed  it  in  many 
genera  of  the  Stephanoceratidce  as  in  Dadylioceras,  Stephanoceras,  Gros- 
souvria,  Ataxioceras,  and  others.  I  have  no  explanation  to  offer  for  the 
reason  of  such  a  median  thickening  of  the  shell,  but  of  the  fact  there  can 
be  no  doubt. 

Sutures. — The  preservation  is  of  such  a  nature  that  no  sutures 
are  visible,  except  in  the  young  whorls  where  they  are  not  distinctive 
enough  to  be  used  for  specific  identifications. 

Horizon  and  Locality. — Ix)wer  beds  of  the  Upper  Oxfordian; 
Viiiales,  Pinar  del  Rio,  Cuba. 

Perisphinctes  plicatiloides,  new  species 
Plate  XXXVI,  Figures  1  and  2 
1912.     Perisphinctes  aflf.  orbignyi  de  Loriol.    Burckhardt,  Faunes  Jurassiques  et 

Cretaciques  de  San  Pedro  del  Gallo,  p.  22,  PL  IV,  figs.  2-4. 
Non 

1818.    Ammonites  plicatilis  Sowerby.    Sowerby,  Min.  Conch.,  p.  149,  PI.  clxvi. 
1842.    Ammonites  plicatilis  Sowerby.    D'Orbigny,  Pal.  Frangaise,  Terr.  Jurassiques, 

p.  509,  PL  cxcii. 
1875.     Perisphinctes  plicatilis  (Sowerby).  Ammon,  Die  Jura-Ablagerungen  zwisohen 

Regensburg  und  Passau,  p.  175. 
1875.     Perisphinctes  plicatilis  (Sowerby).    Waagex,  Jurassic  Cephalopoda  of  Kutch, 

p.  189,  PL  LI,  figs.  2a,  6,  3;  PL  lii,  fig.  3. 
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1898.  Perisphindes  plicatUia  (Sowerby)  Philipps.  Siemiradzki,  Monographische 
Beschreibung  der  Ammonitengattung  Perisphinctes,  p.  249,  PI.  xxv, 
fig.  45. 

1898.     Perisphinctes  pUcatUis  {BoweThy)D'OThigDy.    Siemiradzri,  Zoc.  ci^.,  p.  251. 

1898.  Perisphinctes  plicaiUis  (Sowerby)  D'Orbigny.  De  Riaz,  Ammonites  de  Trept, 
p.  9,  PL  I,  and  PI.  iii,  figs.  1, 2,  and  3. 

1903.  Perisphinctes  orbignyi  de  Loriol.    De  Loriol,  Jura  L^onien,  p.  81,  PI.  xi, 

fig.  2. 

1904.  Perisphinctes  plicatilis  (Sowerby).     Healey,  Upper  Jurassic  Ammonites,  Q. 

J.  G.  S.,  LX,  p.  55,  PI.  IX,  figs.  1, 2,  text  fig.  1. 
1904.    Perisphinctes   plicatilis    (Sowerby).     Healey,    Palaeontologia   Universalis, 

Pis.  LVII,  Lviia. 
1907.    Perisphinctes  healeyi  Neimaann.    Neumann,  Die  Oxford-fauna  von  Cetecho- 

witz,  p.  29,  PI.  II,  fig.  5. 

Among  the  Perisphinctinse  is  a  single,  well-preserved  internal  mold 
(holotype,  A.  M.  N.  H.  No.  18560)  belonging  to  the  plicatilis  group. 
The  specimen  shows  about  five  complete  volutions,  but  practically 
none  of  the  shell  is  preserved.  During  the  process  of  fossilization  the 
conch  was  filled  with  calcite  crystals,  the  inner  two-thirds  of  the  internal 
mold  consisting  entirely  of  crystallized  calcite,  around  which  is  a  thin 
layer  of  chapapote.  Finally,  the  main  external  part  of  the  internal  mold 
is  a  layer,  about  2  mm.  thick,  composed  of  a  mixture  of  chapapote  and 
calcite.  The  interfacial  angles  of  the  calcite  crystals  often  intersect  the 
sutures,  making  it  difficult  to  follow  them. 

The  chief  reasons  for  separating  this  species  from  the  typical  plicatilis 
as  well  as  from  other  forms  of  that  group,  are  that  the  sides  of  the  whorls 
are  convex  instead  of  flat  and  the  sutures  are  more  complex  and  very 
distinct  from  those  in  other  species  of  the  plicatilis  group  in  having  a 
short  ventral  and  long  superior-lateral  lobe. 

Synonymy. — So  many  different  forms  have  been  referred  to  plicatilis 
of  either  Sowerby  or  D'Orbigny  and  such  conflicting  statements  are 
found  in  the  literature  concerning  the  characters  of  the  real  plicatilis^ 
that  it  seems  advisable  to  set  down  a  clear  statement  of  the  facts  in  order 
that  we  may,  perhaps,  arrive  at  a  more  definite  conception  of  this  very 
conamon  species. 

In  1818  Sowerby  figured  and  described  Ammonites  plicatilis  from 
a  formation  since  identified  as  the  Upper  Corallian.  The  holotype  was 
an  internal  mold  from  Buckland's  Collection  and  is  now  in  the  Univer- 
sity Museimi  at  Oxford.  The  protolog  and  protograph  are  so  poor  that 
subsequent  authors  have,  as  a  rule,  considered  them  insufficient  for  the 
definition  of  the  species,  but  recently  the  holotype  has  been  redescribed 
and  refigured  so  that  we  are  sure  of  its  characters  (Healey,  1904a,  p. 
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55,  PI.  IX,  figs.  1,  2,  text  fig.  1;  19046,  Pis.  lvii,  lviio).  It  is  a  com- 
pressed form,  with  rounded  venter  but  flat  sides,  the  whorls  in  the  adult 
being  about  as  high  as  wide  so  that  the  cross-section  is  quadrangular 
with  rounded  corners.  The  involution  is  about  one-fourth;  constric- 
tions are  very  faint;  there  are  sixty-eight  long  costae  on  the  whorl  ending 
at  a  diameter  of  96  mm.  and  most  of  these  branch  on  the  venter,  a  few 
bifurcating  and  rarely  some  remaining  single.  Miss  Healey  has  given  a 
careful  drawing  of  the  suture  in  the  Palaeontologia  Universalis  (19046, 
PI.  LVII,  T.  16)  which  shows  that  it  was  very  complex  and  consisted 
of  three  lobes  in  which  the  first  dorsal  one  is  longer  than  the  others, 
while  the  ventral  and  superior-lateral  lobes  are  of  about  equal  length. 

D'Orbigny  in  the  Paleontologie  Frangaise  (1842,  pp.  609-514) 
redescribed  A.  plicatilis  Sowerby  including  in  his  synonymy  a  large 
number  of  species  which  subsequent  authors  have  again  separated  out  as 
wholly  distinct.  His  description  was  a  composite  one  including  the 
characters  of  the  many  forms  which  he  considered  to  be  plicatilis^  but 
the  European  concensus  of  opinion  has  settled  upon  the  illustration 
which  he  gives  on  PI.  cxcii  in  figs.  1  and  2  as  the  true  ph'catiliSy  the  one 
which  is  to  be  regarded  as  Sowerby's  species. 

This  idea  that  D'Orbigny^s  figures  represented  the  true  plicatilis 
appears  to  have  originated  with  Seebach.  He  visited  England  with  the 
express  purf)Ose  of  studying  in  the  field  and  the  museum  the  formations 
and  collections  of  the  Jurassic  that  he  might  compare  them  with  the 
northwest  German  Jura.  In  his  volume  on  the  Jura  of  Hanover,  he 
makes  the  statement  that,  after  seeing  Sowerby's  types  of  plicatilis  in 
the  British  Museum,  he  is  convinced  that  that  author  had  in  mind  the 
same  species  which  D^Orbigny  described  and  illustrated  so  much  better 
(Seebach,  1864,  p.  156).  But  Sowerby^s  type  of  plicatilis  is  only  a  single 
specimen  and  it  is  in  the  University  Museum  at  Oxford  so  that,  whatever 
Seebach  saw,  and  I  doubt  not  it  was  the  cotypes  of  A,  biplex  Sowerby, 
which  are  in  the  British  Museum,  it  was  not  the  holotype  of  plicatilis. 
However,  be  this  as  it  may,  Seebach's  statement  has  been  widely  accepted 
and  many  authors  af  present  use  the  designation  P.  plicatilis  (Sowerby) 
D'Orbigny  or  omit  all  reference  to  Sowerby. 

Siemiradzki,  on  the  other  hand,  fell  into  a  different  error.  For  some 
reason  which  is  not  made  clear,  he  states  (1898-1899,  pp.  70,  249-252) 
that  Sowerby 's  type  of  plicatilis  is  lost  and  that,  the  original  description 
and  figure  being  poor,  we  must  rely  upon  the  next  reference  in  the  English 
Uterature  and  he  refers  to  PhilUps'  figure  in  the  *  Geology  of  Yorkshire' 
(1829,   PI.  IV,  fig.  29).    As  Miss  Healey  has  pointed  out  (1904a,  p.  54), 
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this  was  a  wrong  reference,  since  the  species  illustrated  is  a  keeled  form 
called  Ammonites  Solaris  by  Phillips,  and  Siemiradzki  must  have 
been  referring  to  the  third  edition  of  the  *  Geology  of  Yorkshire^  (1874) 
in  which  PI.  iv,  fig.  29  shows  a  form  which  is  called  Ammonites  solans 
(erased  1874)  and  receives  the  new  designation  A.  plicatilis  (replacing  ^4. 
Solaris)  (1874,  p.  325)  but  correctly  referred  to  on  p.  265  as  A.  plicatilis 
Sowerby  where  reference  is  given  to  Sowerby's  PI.  166.  In  the  second 
edition  of  the  'Geology  of  Yorkshire'  (1835)  the  illustrations  are  the 
same  as  in  the  first.  Because  of  this  error,  Siemiradzki  places  Sowerby's 
species  in  the  Ornatenton  or  Middle  Kellaway  instead  of  in  the  Upper 
Corallian  where  it  belongs. 

There  can,  however,  be  no  doubt  that  Sowerby  and  D'Orbigny  had 
two  distinct  forms  in  mind  and  since  both  have  been  described  and 
figured  with  sufficient  precision  for  later  recognition,  and  particularly 
since  there  is  no  longer  any  doubt  about  Sowerby's  holotype,  by  the 
laws  of  priority  the  name  plicatilis  must  be  used  for  forms  fitting  Sower- 
by's descnption,  and  a  new  name  must  be  given  to  the  species  called 
plicaiilis  by  D'Orbigny.  The  first  to  recognize  this  necessity  was  de 
Loriol  (1903,  p.  82)  who  gave  the  name  P.  crbignii  to  D'Orbigny 's  Am- 
mxmites  plicatilisy  a  species  characteristic  of  the  zone  of  Peltoceras  trans- 
versarium  of  the  Oxfordian. 

Neumann  has  introduced  a  new  confusion  into  the  synonymy  by 
giving  to  D'Orbigny 's  plicatilis  the  name  of  P.  healeyi  (1907,  p.  29), 
ignorant  of  the  fact  that  in  1903  de  Loriol  had  already,  as  we  have  seen, 
called  it  P.  orbignii.  The  name  P.  healeyi  would  automatically,  under 
these  conditions,  become  dead  and  there  would  also  be  no  reason  for 
using  Neumann's  Healeyi-group  for  this  and  related  species.  But  it  is 
clear  from  his  description  and  figures  (1907,  PI.  ii,  figs.  5a,  h)  that  the 
species  which  he  has  found  in  the  CordatiLS-hedSj  is  different  in  several 
important  points  from  D'Orbigny's.  Tt  is  a  thicker,  coarser  form,  with 
broader,  more  widely  separated  costse  which,  instead  of  passing  in  a 
straight  Une  from  the  umbiUcus  to  the  flanks  of  the  whorls,  are  deflected 
apicad  on  the  umbihcal  shoulder.  The  involution  is  greater,  the  cross- 
section  of  the  whorls  is  different,  and  the  constrictions  are  much  deeper. 
Moreover,  Neumann's  species  comes  from  the  CordattLS-hed^  of  the  Lower 
Oxfordian,  D'Orbigny's  from  the  Transversarius-heds  of  the  Upper 
Oxfordian.  The  name  healyi,  therefore,  might  still  stand  if  appUed  to  the 
Cetechowitz  species,  but  Neumann's  synonymy  could  not  be  accepted, 
particularly  since  he  has  included  in  it  both  the  original  plicatilis  of 
Sowerby  identified  by  later  authors  and  species  referable  to  D'Orbiorny's 
plicatilis. 
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I  have  before  me  two  specimens  from  Germany,  the  one  (No.  1813/3, 
A.  M.  N.  H.  Coll.)  being  just  a  little  smaller  than  Sowerby's  holotype, 
the  other  (No.  9822  G,  Palseontological  Museum,  Columbia  Universit\') 
a  Uttle  smaller  than  D^Orbigny's  plicalilis.  The  former  comes  from 
Wiirttemberg,  the  latter  from  Haldem,  Hanover,  and,  while  not  from 
the  typical  locaUties,  they  yet  show  very  clearly  how  different  are  the 
forms  described  by  the  two  authors.  The  one  which  I  have  identified  as 
P.  plicatilis  (Sowerby)  has  the  same  dimensions  as  the  holotype  and  is 
to  be  distinguished  from  the  Hanover  specimen  by  being  on  the  whole 
much  thicker  and  more  massive,  with  deeper  umbiUcus  and  more  pro- 
nounced umbiUcal  shoulder,  while  the  costje,  which  are  straight,  in 
D'Orbigny's,  showing  no  deflection  on  flanks  or  venter,  are  in  Sowerby's 
species  sUghtly  deflected  apicad  on  the  umbilical  shoulder  and  on  the 
venter  they  bend  orad,  as  well  as  being  throughout  less  sharply  defined. 
Once  the  two  forms  have  been  seen  side  by  side  there  is  no  mistaking 
them,  however  large  the  specimen  may  be,  for  there  are  fundamental 
differences  in  form,  involution,  costal  development,  and  sutures  that 
separate  them  from  the  very  beginning  of  their  ontogeny  and  they  do  not 
converge  in  later  stages. 

We  must  thus  recognize  three  distinct  species  in  the  pHcaiilis  group, 
no  two  of  which  can  be  united. 

Perisphinctes  plicatilis  i^weThy)f  ISIS.    Upper  CJorallian — Plicalilis  beds.    Proto- 
graph:  Sowerby,  Min.  Conch.,  p.  149,  PI.  clvi. 

P.  orbignyi  de  Loriol,  1903.   Upper  Oxfordian — Transversarium  beds.  Protograph: 
de  Loriol,  Jura  L^donien,  part  2,  p.  81,  PI.  xi,  fig,  2. 

P.  healeyi  Neumann,  1907.     Upper  Kellaway — Cordatus  beds.  Protograph:  Neu- 
mann, Die  Oxfordfauna  von  Cetechowitz,  p.  29,  PI.  ii,  figs.  5a,  56. 

De  RiAZ  has  described  and  figured  from  the  Transversarmm  beds 
of  Trept  a  large  series  of  specimens  of  the  plicatilis  group.  He  has  desig- 
nated them  P.  plicatilis  Sowerby  D'Orbigny  (De  Riaz,  1898,  pp.  9-12, 
Pis.  i-iii,  figs.  1,  2,  3,);  if  the  identification  is  correct,  the  forms  should 
be  called  P.  orbigmji  de  Loriol,  but  the  specimen  which  he  considers  as 
the  typical  plicatilis  (1898,  PI.  in,  figs,  lo,  b)  is  thicker  throughout  and 
sUghtly  more  involute  than  D'Orbigny^s.  Therefore  it  is  not  unlikely 
that  the  Trept  species  are  variations  from  D'Orbigny's  type,  and  should 
at  least  receive  a  variety  name.  This  fauna  of  Trept  is  particularly  in- 
teresting as  providing  both  young  and  mature  individuals,  the  Peri- 
sphinctes  attaining  to  an  unusual  size.  Thus  de  Riaz  mentions  one  pK- 
caiilis  236  mm.  in  diameter.  However,  it  is  apparent  that  there  are  mani- 
fold difficulties  in  comparing  such  large  individuals  with  D'Orbigny's 
holotype  which  was  recognized  to  be  a  young  form  and  measured  only  85 
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mm.  in  diameter.  Among  the  specimens  in  the  plicatilifi  group,  de  Riaz 
has  found  a  number  which  differ  in  one  or  more  characters  or  in  propor- 
tions from  D'Orbigny's  type,  and  these  he  has  classed  together  simply 
as  P.  aff.  pUcatilis  d'Orb.,  not  finding  enough  marked  diflferences  to 
found  new  species.  Undoubtedly  this  group  of  forms  which  are  not 
strictly  true  to  type  could  be  arranged  in  a  number  of  evolutionary 
lines  which  were  derived  from  some  generalized  and  fundamental  form 
by  allometric  or  rectigradational  changes  or  by  both. 

Waagen  has  recorded  P,  pUcatilis  Sowerby  from  the  Kuntkote  sand- 
stone of  Kutch  in  the  zone  of  Peltoceras  transversarium  (1875,  p.  189, 
PI.  LI,  figs.  2a,  6,  3;  PL  lii,  fig.  3),  but  the  specimens  are  like  neither 
Sowerby's  nor  D'Orbigny's  species,  diflfering  from  both  in  the  disposition 
and  form  of  costse  and  in  not  showing  the  characteristic  lateral  compres- 
sion. 

Form  and  Proportions. — The  conch  of  the  holotype  of  Peri- 
sphmctes  plicatiloides  is  only  sUghtly  involute  and,  in  consequence,  the 
umbilicus  is  broad.  The  venter  is  uniformly  rounded,  passing  into  the 
gently  convex  sides  without  any  indication  of  ventro-lateral  shoulders. 
The  sides  pass  more  abruptly,  but  still  with  a  rounded  contour,  to  the 
line  of  involution,  producing  a  rather  indefinite  umbilical  shoulder  and  a 
comparatively  shallow  umbiUcus.  The  latter  becomes  proportionally 
broader  with  age  as  shown  in  column  12  of  Table  5.  Where  the  conch  is 
approximately  35  mm.  in  diameter,  the  height  and  width  of  the  whorls 
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are  about  equal,  but  beyond  this  the  height  becomes  steadily  greater 
than  the  width,  though,  because  of  the  convexity  of  the  sides,  the  croes- 
section  at  no  time  appears  either  squarish  or  trapezoidal  as  in  the  typical 
plicatilis.  The  ratio  of  height  of  whorl  to  width  of  umbilicus  becomes 
progressively  less  as  does  also  the  ratio  of  height  of  whorl  to  the  diameter 
(coliunns  3  and  13  of  the  table),  two  changes  which  indicate  that  the 
amount  of  involution  decreases  with  age. 

•  CosT^  AND  Sphincters. — The  earliest  volution  of  the  conch  appears 
to  be  smooth  with  strongly  convex  sides.  As  in  the  other  Perisphindes 
of  this  fauna,  the  first  pronounced  surface  character  to  appear  is  a  con- 
striction which  antedates  the  costse.  The  first  of  these  is  seen  just 
beyond  one  and  a  quarter  volutions,  arising  apparently  on  the  imibilical 
shoulder  in  the  internal  mold.  These  early  costse  show  no  evidence  of 
branching,  although  this  might  take  place  on  the  ventral  portion  which 
is,  of  course,  invisible  on  account  of  the  involution.  There  are  about  six 
costse  preceding  the  next  constriction. 

At  about  one  and  a  half  volutions  the  first  branching  in  the  a  system 
occurs,  the  fli  costa  being  very  strong  while  its  branch  is  less  pronounced 
both  in  height  and  sharpness.  The  actual  divergence  of  at  is  near  the 
middle  of  the  flanks,  but  ai  is  very  strong  and  thick  below  this  p)oint,  sug- 
gesting that  dorsally  the  two  are  confluent. 

Banning  with  the  constriction  which  marks  the  end  of  the  second 
volution,  the  costal  arrangement  in  the  five  succeeding  intersphincterial 
areas  has  certain  unusual  featiu-es  which  are  nost  suggestive  as  to  the 
origin  of  "bifurcations."  At  the  beginning  of  the  third  volution  two 
simple  costffi  follow  the  o  costa  and  are  essentially  parallel  to  it,  showing 
only  a  sUght  divergence  ventrally  such  as  is  normal  for  simple,  un- 
branched  costse.  The  third  costa,  however,  bends  towards  the  second 
above  the  umbiUcal  shoulder,  almost  but  not  quite  touching  it.  (See 
Fig.  1,  p.  647.)  The  space  between  the  ventral  ends  of  the  third  and 
fourth  costae  is  so  small  as  to  suggest  that  the  former  remains  simple  on 
the  venter,  but  the  space  between  the  fourth  and  fifth,  and  fifth  and 
sixth  costffi,  etc.,  i&  wider,  suggesting  the  presence  of  a  ventral  branch  in 
each  one  of  these.  After  the  next  constriction,  the  first  costa  is  still 
simple,  parallel,  and  close  to  o,  but  the  dorsal  ends  of  thje  second  and 
third  costae  are  united,  their  ventral  portions  forming  two  branches  of 
equal  strength,  while  the  costse  orad  of  this  have  the  position  and  diver- 
gence indicative  of  ventral  branching.  Thus,  counting  the  cost«  on  the 
umbilical  shoulder,  we  would  say  that  the  second  costa  is  branched  or 
'M)ifurcates."    The  next  succeeding  intersphincterial  group  shows  this 
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same  tendency  carried  still  further.  Again,  if  we  count  the  costfiB  on  the 
umbilical  shoulder,  the  second  one  shows  its  point  of  '* bifurcation" 
moved  ventrally  until  it  is  about  3.5  nmi.  above  the  Une  of  involution, 
but  it  is  still  considerably  below  the  line  of  inclusion  The  first 
costa,  which  was  simple  in  the  preceding  intersphincterial  system,  is  now 
branched,  the  divergence  occurring  at  about  2.7  nun.  above  the  line  of 
involution.  It  thus  appears  that,  after  branching  is  established,  the 
point  of  divergence  of  the  branch  moves  progressively  ventrad  until  it 
reaches  such  a  position  that  it  is  covered  by  the  next  succeeding  whorl. 
At  the  same  time,  the  branching  habit  of  the  costae  is  pushed  backward  in 
each  system  until  all  the  cost®  branch. 

In  the  intersphincterial  system  following  the  one  just  described,  all 
of  the  points  of  divergence  have  moved  so  far  ventrally  as  to  be  covered 
by  the  succeeding  volution,  as  is  indicated  by  the  mode  of  divergence  of 
the  costse.  Thus,  the  lateral  costae  appear  to  be  simple,  but  in  reality 
they  are  the  comf)ound  stems  of  branched  individuals.  That  such  is 
indeed  the  case  is  clearly  shown  where  the  venter  of  the  conch  is  first 
exposed  and  where  all  of  the  lateral  costae  divide  into  two  branches, 
which,  however,  are  entirely  concealed  when  the  succeeding  whorl  (which 
separated  off  during  the  preparation  of  the  Bpecimen)  is  placed  in  posi- 
tion. 

Where  the  ventral  portion  of  the  final  whorl  preserved  is  first  ex- 
posed, it  is  seen  that  the  branching  is  still  bifurcate,  but,  as  in  P.  cubanen- 
sis,  the  strength  of  the  costa  passes  progressively  forward  and  as  this 
takes  place  the  apicad  one  of  the  two  branches  becomes  free  first  on  one 
and  then  on  the  other  side  of  the  whorl  after  the  manner  described  for 
P,  ciibanensis,  A  third  branch  on  the  orad  side  of  a  costa  occasionally  is 
seen,  forming  a  trifurcation,  but  the  trifurcating  type  of  costae  is  more 
characteristic  of  the  last  part  of  the  final  whorl  where,  however,  bifurca- 
tion still  persists  in  some  cases. 

The  whorl  ending  at  a  diameter  of  62.8  nun.  has  42  lateral  and 
about  84  ventral  costae,  which,  when  the  simple  o  costae  are  subtracted, 
leaves  most  of  the  costae  bifurcating  and  only  a  few  trifurcating.  Wher- 
ever the  shell  is  preserved,  the  costae  are  seen  to  arise  nearly  but  not 
quite  at  the  Une  of  involution,  leaving  a  very  narrow  smooth  band  which 
appears  wider  on  the  internal  mold  because  the  costae  seem  to  arise 
more  nearly  on  the  umbilical  shoulder.  The  costae  are  strongest  on  the 
flanks,  where  at  times  they  are  quite  saUent,  particularly  in  the  younger 
whorls.  Towards  the  end  of  the  last  whorl  they  become  more  rounded 
and  less  elevated.    Throughout  the  entire  conch  the  costae  show  a  slight 
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curvature  on  the  flanks  and  a  faint  backward  deflection  on  the  umbilical 
shoulder,  but  this  is  much  less  pronounced  than  in  P.  cvbanensis.  On 
the  venter  the  costae  are  uniformly  weaker,  and  there  is  a  marked  median 
faintness  giving  rise  to  the  appearance  of  a  median  'depression  on  the 
venter  of  the  internal  mold.  As  in  the  case  of  P.  cvbanensis,  this  is  due 
to  a  median  ventral  thickening  of  the  shell  on  the  interior.  Unfor- 
tunately, there  is  no  place  in  this  specimen  where  the  shell  is  preserved 
on  the  venter  itself,  so  that  the  exterior  ventral  aspect  of  the  shell  is  not 
determinable  for  this  species,  but  it  is  very  probable  that  no  depresion 
or  interruption  of  the  costae  is  shown  on  the  venter  of  the  shell  proper 
any  more  than  it  is  in  P.  cubariensis  and  other  forms  where  the  shell  is 
preserved.  Of  the  internal  thickening  there  can  be  no  doubt,  for  it  can 
be  seen  on  one  fragment  of  the  last  volution  where  the  shell  of  the  pre- 
ceding whorl  is  preserved  on  the  impressed  zone. 


l5ter&l  lobe 

Fig.  8.     Suture  line  of  Peritphinctet  plieatiloidest  new  spedee. 

Sutures. — The  suture  (Fig.  8)  is  more  complex  than  in  any  other 
species  of  the  plicaiilis  group.  The  ventral  lobe  is  about  twice  as  long  as 
wide  and  has  two  long  terminal  branches,  each  of  which  shows  nimfierous 
minor  indentations.  These  branches  constitute  the  siphonal  saddle, 
which  is  divided  by  a  small  median  lobe.  The  first  or  superior-lateral 
lobe  is  long  and  narrow,  terminating  in  three  pointed  prongs  and  showing 
three  major  additional  lobes  on  either  side  with  many  smaller  indenta- 
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tions.  This  lobe  extends  twice  as  far  apicad  as  either  the  ventral  or 
second  lateral  lobe  and  is  longer  even  than  the  first  dorsal  lobe.  The 
second  or  inferior-lateral  lobe  is  notably  shorter  than  the  first  and  is 
directed  obUquely  toward  it.  The  first  lateral  saddle  does  not  extend 
quite  so  far  orad  as  the  siphonal  saddle,  is  unsymmetrically  divided  by 
many  minor  inflections,  and  is  smaller  than  the  other  two  lateral  saddles. 
The  second  lateral  saddle  is  long,  unsymmetrical,  broader  than  the 
superior  lateral  lobe  and  terminates  about  on  a  Une  with  the  siphonal 
saddle.  The  third  lateral  saddle  is  a  Httle  shorter  than  the  first  lateral 
saddle  and  is  rather  evenly  indented  on  its  dorsal  side  by  the  inflections 
of  the  first  dorsal  lobe. 

The  suture  of  Perisphinctes  plicatUoides  thus  differs  markedly  from 
that  of  P,  plicatilis  (Sowerby)  in  having  the  first  lateral  lobe  so  much 
more  prominent  than  the  other  lobes.  In  the  English  species  the  first 
dorsal  lobe  is  longer  than  the  others,  while  in  D'Orbigny's  plicatilis  it  is 
the  ventral  lobe  which  has  the  greatest  length  and  this  is  the  case  in  de 
Loriors  P.  orbignyii  from  the  Jura  and  Waagen's  P.  plicatilis  (Sowerby) 
from  India.  Unfortunately  Burckhardt  was  unable  to  prepare  the 
sutures  of  the  Mexican  P.  aff.  orbigm/i  de  Loriol  which,  from  its  other 
characteristics,  appears  to  be  the  same  as  P.  pUcatiloideSj  although 
identity  of  ammonites  can  never  be  established  on  form  alone  and  with- 
out the  corroborative  evidence  of  the  sutures. 

On  account  of  the  great  dissimilarity  in  the  fundamental  suture 
pattern  in  the  various  European  forms  which  are  called  plicatilis  and 
because  all  differ  in  this  respect  from  the  Cuban  species,  it  seems  prob- 
able that  the  ** plicatilis  group''  is  made  up  more  largely  of  homceo- 
morphic  equivalents  than  of  genetically  related  species.  All  of  the 
plicatilis-like  ammonites  show  certain  similarities  in  form  and  pro- 
portions and  in  the  arrangement  of  costse,  but  it  is  well  known  that  these 
characteristics  are  not  so  rehable  as  the  sutures  in  determining  genetic 
relationships  and,  since  the  sutures  are  so  markedly  different  in  the 
various  species,  there  seems  to  be  Uttle  justification  for  the  grouping 
of  these  unrelated  forms  into  a  plicatilis  series  unless  we  do  so  merely  for 
convenience  in  speaking  of  the  nmnerous  species  throughout  the  world 
which  have  certain  external  features  in  common. 

Related  Forms. — As  is  the  case  with  the  other  Cuban  species,  this 
finds  its  nearest  relative  in  the  Mexican  fauna.  Burckhardt  has  described 
and  figured  a  specimen  identified  as  Perisphinctes  aff.  orbignii  de  Loriol 
(1912,  p.  22,  PI.  IV,  figs.  2-4) .  No  European  plicatilis  is  so  Uke  the  Cuban 
one  in  form,  evolution  and  proportions  as  is  this  Mexican  form,  yet  there 
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are  certain  slight  differences,  the  most  noticeable  of  which  is  in  the  cogtae. 
In  Burckhardt's  species  these  are  salient  and  are  strongly  curved  on  the 
umbilical  shoulder,  resembling,  in  this  respect,  the  specimens  described 
by  DeRiaz  from  Trept.  Both  the  Cuban  and  Mexican  forms  differ  from 
D'Orbigny's  in  having  convex  instead  of  flat,  compressed  sides,  the 
cross-section  of  the  first  two  being  almost  identical  but  unlike  that  of  the 
third.  Burckhardt  has  called  attention  to  the  fact  that  the  costae  on  his 
specimen,  which  is  an  internal  mold,  are  enfeebled  on  the  median  ventral 
line,  in  which  respect  it  differs  from  D'Orbigny's  pltcatilis.  This  differ- 
ence, I  think,  is  only  apparent,  for  Pompeckj,  as  we  have  seen,  has  stated 
that  all  of  the  northwest  German  plicatilis  show  the  depression  in  the 
internal  mold.  All  of  the  illustrations  given  by  European  authors  in 
recent  works  show  that  a  depression  is  present,  and  I  doubt  not  but  that 
D'Orbigny  either  omitted  reference  to  this  feature  or  else  that  he  figured 
a  specimen  in  which  the  shell  was  preserved  and  in  which,  consequently, 
the  median  furrow  would  not  be  seen. 

Horizon  and  Locality. — Lower  zone  of  Upper  Oxfordian;  Vifial«, 
Pinar  del  Rio,  Cuba. 

Perisphinctes  cf.  altemiplicatus  Waagen 
1875.     Perisphinctes  aUemiplicatus  Waagen,  Jurassic  Fauna  of  Kutch,  Palaeonto- 

logia  Indica  (9),  I,  p.  199,  PI.  l,  figs.  2a,  6. 
1912.    P.  cf.  aUemiplicatus  Waagen.  Bukckhardt,  Faunes  Jurassiques  et  Cretaci- 

ques  de  San  Pedro  del  Gallo,  p.  34,  PL  vn,  figs.  1-3. 

There  is  a  single  specimen  (A.  M.  N.  H.  No.  18576)  showing  a 
quarter  sector  through  six  whorls  and  I  have  referred  it  provisionally  to 
P.  cf.  alter niplicaiu8.  Since  I  cannot  measure  the  diameter,  it  is  im- 
f)ossible  to  give  any  of  the  shell  ratios,  and  the  preservation  is  such  that 
no  sutures  are  visible,  so  that  the  identification  must  be  made  on  the 
form  of  the  whorls  and  the  character  of  the  costae.  The  distinctive 
feature  about  the  costae  is  that  a  long  costa  on  one  side  of  the  whorl, 
when  traced  across  the  venter,  ends  in  a  short  costa  instead  of  being 
continued  in  a  long  one,  this  arrangement  producing  an  alternation  on  the 
two  sides  of  the  whorl  which  suggested  the  specific  name  altemiplicaius. 

Horizon  and  Locality. — Lower  beds  of  the  Upper  Oxfordian; 
Vifiales,  Pinar  del  Rio,  Cuba. 
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OcHSTOci&AS  Haug 
Ochetoceras  canaliculatum  (von  Buch)  burckhardti,  new  variety 
Plate  XXXVII,  Figures  1,  2,  and  3 
1912.    Ochetoceras  canalicuUUum  (d'Orbigny)   von  Buch.     Burckhardt,  Faunes 
Jurassiques  et  Cretaciques  de  San  Pedro  del  Gallo,  p.  5,  PI.  i,  figs.  1-7. 

Synonymy. — The  specific  name  canalicvlaius  was  first  used  in 
print  by  von  Buch  in  1831  for  a  number  of  small  anmionites  from  the 
Coral  Rag  of  Woschnau  on  the  Eck  near  Aarau  in  the  Swiss  Jura  (1831, 
PL  I,  figs.  6, 7, 8) .  He  identified  his  specimens  as  Ammonites  canaliculatus 
Miinster,  describing  them  as  small,  with  many  costae  which  are  ordi- 
narily divided  a  little  above  the  lateral  canal;  in  a  specimen  5  cm.  in 
diameter  he  counted  48  to  52  costse  near  the  venter  which  he  stated  to 
be  sharp  and  very  finely  crenulated.  Oppel,  who  had  von  Buch's 
holotype  before  him  as  well  as  several  specimens  labelled  by  Miinster, 
states  that  von  Buch's  description  was  not  in  accord  with  the  original 
specimen,  for  the  latter  showed  no  bifurcation  of  the  costse,  a  feature 
which  was  expressly  noted  and  figured  by  von  Buch.  The  material  in 
Mlinster's  collection  was  unlabelled,  while  the  specimens  in  the  Bay- 
reuth  Museum  described  by  him  in  1833  as  A .  canaliciUatus  belonged  to  a 
nimiber  of  distinct  species  from  different  horizons  (Oppel,  Jurassische 
Cephalopoden,  1862,  p.  157).  Oppel  considered  that  the  figures  given 
by  D'Orbigny  were  more  accurate  than  the  protograph  and  since  he  had 
the  holotype  in  his  possession  and  refigured  it  (loc.  city  PI.  li,  fig.  3) 
we  may  accept  his  judgment  in  the  matter. 

D'Orbigny  identified  an  ammonite  conmion  in  the  French  Oxfordian 
as  A,  canaliculatus  and  ascribed  the  species  to  Miinster  (Terr.  Juras., 
PL  cxcix,  figs.  1,2).  It  would  seem  that  D'Orbigny  described  and  figured 
a  form  identical  with  von  Buch's  holotype,  though  not  agreeing  with  that 
author's  protolog  or  protograph  which  Oppel  states  are  incorrect.  If 
we  accept  OppeFs  redescription  and  re-illustration  of  von  Buch's 
holotype,  then  the  species  name  should  be  credited  to  the  latter  author. 
At  any  rate,  by  no  rule  of  priority  could  the  name  canaliculatus  be 
ascribed  to  D'Orbigny,  for  if  this  form  is  the  same  as  von  Buch's  his 
identification  would  simply  be  listed  in  the  synonymy  of  canaliculatus, 
and  if  it  is  not  the  same  a  new  name  would  have  to  be  given  to  it,  since 
both  species  belong  to  the  same  genus,  OchetoceraSy  and  the  name  canali- 
culatus must  be  retained  for  von  Buch's  holotype  since  that  has  now  been 
redescribed  by  Oppel.  Haug,  who  placed  this  species  in  his  genus  Ocheto- 
ceraSy  has  also  given  the  priority  to  von  Buch  without,  however,  stating 
his  reasons  (1885,  p.  697).  According  to  this  line  of  reasoning,  Burck- 
hardt  should  not  have  identified  the  Mexican  species  as  0.  cnnaliculatum 
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(D'Orbigny).  For  reasons  which  will  be  brought  out  as  I  describe  the 
Cuban  species,  I  consider  it  to  be  identical  with  the  Mexican  species  and 
regard  both  as  a  variety  of  the  European  canaliculatum. 

The  following  is  a  synonymy  of  the  critical  references  to  Ochetoceras 
canalicvlatum  (von  Buch) : 
1831.    Ammonite8\canaliculatus  von  Buch,  Recueil  de  Planches  de  Petrifications 

Remarquables,  PI.  i,  figs.  6,  7,  8. 
1842.    Ammonites  canaliculatus  Mtinster.  D'Obbiony,  Pal^ntologie  Frangaise,  Tefr. 

Jurassiques,  p.  525,  PI.  cxcix,  figs.  1,  2  and  6,  non  3. 
1862.    Ammonites  canaliculatus  von  Buch.    Oppel,  Ueber  jurassische  CephalopodeD, 

Pal.  Mitth.,  Ill,  p.  157,  PI.  u,  fig.  3. 
1885.    Ochetoceras  canaliculatum  (von  Buch).    Haug,  Monographie  der  Ammoniten- 

gattung  Harpoceras,  p.  697. 

Form  and  Proportions. — There  is  a  single  well-preserved  repre- 
sentative of  this  species  (holotype,  A.  M.  N.  H.  No.  18561)  showing 
practically  all  of  the  shell  intact  which  is  unusual  in  this  material.  The 
specimen,  judging  from  its  comparatively  small  size  and  the  fact  that 
there  are  only  about  two  and  a  half  volutions  present,  is  probably  only  a 
sub-mature  individual,  so  that  the  characters  and  proportions  which  it 
shows  are  not  to  be  considered  wholly  diagnostic  for  the  species  but  only 
for  the  stage  of  development  represented. 

The  conch  is  compressed  and  discoidal.  The  whorls  increase  rapidly 
so  that  involution  is  almost  complete,  giving,  with  increased  diameter,  a 
proportionally  smaller  and  smaller  lunbilicus.  In  cross-section  the 
whorls  are  about  two  and  a  half  times  as  high  as  broad,  the  ratio  decreas- 
ing with  the  age  of  the  conch,  as  may  be  seen  from  the  Table  6  (columns 
2,  8,  10). 

Table  6.    Allometric  Changes  in  Ochetoceras  caiialiculatum  (von  Buch)  burckhardU, 

new  variety 
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In  shell  proportions  the  Cuban  form  approaches  so  closely  to  the 
specimens  described  by  Burckhardt  from  the  upper  beds  of  the  Upper 
Oxfordian  of  Cerro  del  Volcan,  Mexico,  that  there  is  no  doubt  that  all 
belong  to  the  same  species,  but  each  shows  a  greater  or  less  degree  of 
acceleration  over  D^Orbigny's  holotype,  not  only  in  proportions  but  in 
all  other  characters,  for  which  reason  I  have  given  the  Cuban  form  a 
distinct  varietal  name  and  have  included  here  Burckhardt's  specimens 
for  reasons  more  fully  given  below.  A  comparison  of  the  more  important 
shell  ratios  will  bring  out  the  relations  existing  between  the  European, 
Mexican,  and  Cuban  species  (Table  7). 


Table  7.    CJomparison  in  Allometric  Ratios  of  Species  of  Ochetoceras 
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From  these  figures  it  is  clear  that  the  Mexican  specimen  having  a 
diameter  of  32  nmi.  has  a  cross-section  of  about  the  same  proportions  as 
those  of  the  Cuban  specimen  55.8  mm.  in  diameter,  while  that  which  is 
55.5  BMn.  in  diameter  has  the  cross-section  which  is  shown  in  the  Cuban 
specimen  at  the  place  where  it  is  only  about  28  mm.  in  diameter.  Thus 
the  smaller  of  Burckhardt's  specimens  is  more  accelerated,  the  larger 
less  accelerated  than  the  Cuban  form  in  respect  to  the  ratio  of  thickness 
to  height  of  whorl,  while  all  three  are  more  accelerated  than  D'Orbigny's 
holotype,  for  the  Cuban  specimen  although  only  55.8  mm.  in  diameter 
has  almost  the  identical  proportions  as  those  in  D'Orbigny's  which  is 
94  mm.  in  diameter,  and  both  of  Burckhardt's  specimens,  though  repre- 
senting young  individuals,  are  identical  with,  or  closely  approach,  the 
proportions  of  the  adult  described  by  D'Orbigny. 

The  conch  is  strongly  compressed,  with  the  region  of  greatest  thick- 
ness at  about  the  middle  of  the  whorl  when  that  is  16  mm.  high  but 
changing  position  gradually  in  a  dorsal  direction.  Where  the  whorl  is 
31.5  mm.  high  the  maximum  transverse  diameter  is  5.7  mm.  above  the 
umbilical  shoulder,  that  Ls,  at  about  one-fifth  of  the  way  from  the  umbi- 
licus to  the  venter. 
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Dorsally  the  whorls  end  abruptly  at  the  umbiUcus  where  they  bend 
down  at  a  right  angle.  Where  the  whorl  is  31 .5  mm.  high  from  umbilical 
suture  to  venter  the  transverse  diameter  at  the  umbilicus  is  4.5  nun.  On 
account  of  the  close  involution  of  the  whorls,  due  in  its  turn  to  the  very 
rapid  increase  in  size,  little  of  the  early  whorls  is  visible  in  the  umbilical 
opening.  Where  the  diameter  is  55.8  mm.  only  1.5  nmi.  of  the  preceding 
whorl  is  visible  in  the  umbilicus. 

One  of  the  most  striking  features  of  the  conch  is  a  distinct  lateral 
groove  visible  throughout  the  shell  in  the  specimen  being  described.  It 
becomes  obsolescent  in  the  last  part  of  the  final  whorl  which  is  preserved 
and,  since  the  specimen  is  probably  only  a  little  more  than  half  the  size 
of  the  adult,  it  is  to  be  expected  that  an  ephebic  conch  would  be  entirely 
devoid  of  a  definite  channel  although  the  growth-Unes  might  well  con- 
tinue to  bend  forward  in  the  position  marked  by  the  groove  in  earlier 
whorls.  A  constant  centrodorsan  position  on  the  whorl  is  retained  by  the 
groove,  the  median  Une  of  which  is  5.5  mm.  from  the  umbiUcal  shoulder 
when  the  whorl  is  12.8  nun.  high  and  12  mm.  from  the  umbilical  shoulder 
when  the  whorl  is  28  mm.  high,  the  ratio  in  both  cases  being  0.43,  showing 
the  position  of  the  groove  to  be  at  slightly  over  two-fifths  of  the  distance 
from  the  umbilical  shoulder  to  the  venter.  The  groove  at  the  beginning 
of  the  final  whorl  of  our  specimen  is  0.5  mm.  broad,  widening  to  1.5  mm. 
just  before  it  loses  its  distinctness  as  a  definite  canal. 

Where  the  actual  shell  is  preserved,  fine,  closely  crowded,  radiating 
growth-lines  are  visible  (PI.  XXXVII,  fig.  3).  On  the  inner  flank,  that 
is,  between  the  umbiUcus  and  the  groove,  these  Unes  have  a  gentle  uniform 
curvature  forward  passing  from  the  mnbilical  shoulder,  where  they  are 
fairly  strong,  towards  the  lateral  groove.  There  they  bend  forward 
strongly,  forming  distinct  lappets,  which  become  less  pronouncedly 
elongate  as  the  groove  becomes  fainter,  though  still  retaining  a  strong 
forward  bend.  On  the  specimen  which  I  have  it  is  impossible  to  trace 
the  growth-Unes  across  the  groove  where  this  is  deep,  but  forward  as  it 
becomes  obsolescent  the  Unes  may  easily  be  foUowed  from  dorsiun  to 
venter.  In  the  region  where  the  groove  is  most  pronounced  the  growth- 
Unes  on  the  outer  flank,  that  is,  between  groove  and  venter,  are  mod- 
erately fakiform,  the  convexity  forward  being  more  pronounced  than  on 
the  inner  flank.  Just  before  they  reach  the  venter,  the  growth-Unes  be- 
come stronger  and  lose  their  convexity  so  that  they  run  in  a  direction  at 
right  angles  to  the  keel.  There  is  thus  produced  an  extremely  fine  carina- 
tion  or  denticulation  on  either  side  of  the  keel.  These  two  Unes  of  ventro- 
lateral carinations  or  angulations  are  strongly  developed  only  in  the 
largest  part  of  the  whorl. 
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Keel. — Rising  up  between  the  two  angulations  is  a  pronounced 
and  characteristic  keel  with  smooth  flanks  which  converge  into  the 
finely  noded  central  ridge  of  the  keel  (PI.  XXXVII,  fig.  2).  The  nodes  are 
minute,  but  very  distinct,  there  being  five  in  the  space  of  22  mm.  where 
the  whorl  is  28.2  mm.  high.  The  keel  here  rises  1 .5  mm.  above  the  ventro- 
lateral angulations  but  in  the  young  part  of  the  shell  it  is  much  less 
prominent.  While  the  cross-section  of  the  keel  in  the  largest  part  of  the 
conch  preserved  shows  a  decided  angle  between  the  flanks  and  the  flat 
groove  on  either  side  of  the  keel,  this  is  wholly  absent  at  the  beginning 
of  this  same  whorl,  the  flanks  passing  convexly  up  to  the  groove  at  the 
base  of  the  keel.  Thus  in  the  older  shell  there  are  two  angles,  which  in 
the  younger  shell  are  represented  by  a  convex  and  a  concave  curve, 
respectively. 

The  siphuncle  is  visible  at  a  number  of  places  on  the  specimen  and 
measures  1  mm.,  in  diameter  at  the  maximum  (PL  XXXVII,  fig. 2).  The 
outer  edge  of  the  siphuncle  rises  above  the  ventro-lateral  angulations, 
as  may  be  seen  in  places  where  the  median  keel  is  broken  away. 

CosT^. — Paralleling  the  growth-Unes  are  a  few  rather  widely 
separated  folds  or  costae  which  are  more  strongly  developed  on  the  inner 
than  on  the  outer  flanks.  These  costse  appear  for  only  a  short  time  in  the 
ontogeny  and  characterize  less  than  one  complete  volution.  D'Orbigny 
noted  that  his  specimen  was  smooth  (except  for  the  lateral  groove)  until 
it  attained  a  diameter  of  30  mm.  when  costae  appeared  and  continued 
imtil  a  diameter  of  60  mm.  was  reached  when  the  costae  disappeared.  I 
have  counted  with  certainty  ten  costae  on  the  inner  flanks  of  the  final 
whorl,  but  while  they  are  more  munerous  on  the  outer  flank  I  have  been 
unable  to  count  them  because  of  the  poor  preservation  of  the  shell.  It 
is  clear,  then,  that  not  only  in  shell  prop)ortions  is  the  Cuban  specimen 
more  accelerated  than  D'Orbigny's  and  von  Buch*s  holotypes,  but  also 
in  the  time  of  appearance  and  disappearance  of  the  costae  in  the  ontogeny 
as  well  as  the  period  of  their  duration.  The  costae  in  their  curvature, 
arrangement  and  ontogenetic  duration  are  practically  identical  with  those 
in  the  Mexican  forms  described  by  Burckhardt. 

Sutures. — At  a  diameter  of  52  mm.,  the  suture  shows  a  ventral, 
two  lateral,  and  two  auxiliary  lobes  (PL  XXXVII,  fig.  3.)  The  portion  of 
the  ventral  lobe  lying  in  the  mesal  plane  is  undecipherable  on  account  of  the 
preservation;  the  lateral  branches  are  well  developed  and  lie  at  right 
angles  to  the  keel.  The  first  or  superior-lateral  lobe  is  slightly  longer 
than  the  ventral  lobe  and  is  divided  into  three  main  branches,  the  middle 
of  which  has  a  trifurcate  termination,  while  the  two  lateral  ones  are 
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bifurcate.  The  second  or  inferior-lateral  lobe  occupies  the  lateral  groove, 
is  simple,  and  not  so  deep  as  the  first  lateral  lobe.  The  first  auxiliaiy 
lobe  is  trifid,  the  second  is  an  almost  unmodified  lobe  with  slight  indenta- 
tions foreshadowing  a  tripartite  division.  The  first  or  superior-lateral 
saddle  is  divided  into  two  unequal  parte  by  a  lobe  directed  dorsally,  the 
inner  portion  being  larger  than  the  outer  and  being  again  subdivided 
by  a  small  lobe  into  two  branches  which  have  trifurcate  terminations. 
The  second  lateral  saddle  is  sUghtly  larger  than  the  first  and  also  bipartite. 
The  first  and  second  auxiliary  saddles  have  a  few  simple  secondary  lobes 
but  a  bipartite  division  is  not  marked.  The  saddles  are  broader  than  the 
corresponding  lobes  but  of  about  the  same  length. 

Comparison  with  Related  Forms. — This  species  in  all  of  iU 
characteristics  is  so  similar  to  Burckhardt's  Ochetoceras  canalicidatvm 
(D'Orbigny)  from  the  Upper  Oxfordian  of  Cerro  del  Volc&n,  Mexico,  that 
I  do  not  hesitate  to  say  that  the  two  are  identical,  differing  from  each 
other  by  only  so  much  differential  acceleration  in  certain  characters  as 
any  two  individuals  of  the  same  species  Uving  side  by  side  may  do.  The 
Cuban  form  has  the  same  general  suture  pattern  as  the  Mexican  form 
but  it  is  not  so  compUcated,  and  the  lobes  are  relatively  broader  and  the 
entire  suture  shows  fewer  secondary  inflections.  Thus,  in  respect  to 
the  suture,  the  Mexican  form  is  more  accelerated  than  the  Cuban,  but  in 
certain  shell  proportions  it  is  lesis  accelerated,  while  the  costae  are 
practically  identical  in  the  two.  D*Orbigny*s  and  Burckhardt's  species 
have  almost  identical  sutures,  so  that  the  remarks  which  were  made  in  the 
comparison  of  the  Mexican  with  the  Cuban  species  hold  in  comparing 
the  French  with  the  latter.  The  species  described  by  D'Orbigny  is  the 
conunon  wide-spread  Oxfordian  form  which  occurs  throughout  Europe 
in  the  zone  of  Peltoceras  transversarium,  and  the  Mexican  and  Cuban 
species  are  simply  geographical  variante.  I  regard  this  species  as  the  best 
and  most  reliable  horizon-marker  in  the  Cuban  fauna. 

Horizon  and  Locality. — Upper  zone  of  the  Upper  Oxfordian; 
Viftales,  Pinar  del  Rio,  Cuba. 

Ochetoceras  mezicanuxn  Burckhardt 
Plate  XXXVIII,  Figures  1,  2,  and  3 
1912.     Ochetoceras  mexicatium  Bukckhardt,  Faunes  Jurassiques  et  Cretaciques  de 
de  San  Pedro  del  Gallo,  p.  7,  PI.  i,  figs.  8-12. 

Description  of  the  Cuban  Plesiotype 
The  only  specimen  (A.  M.  N.  H.  No.  18562)  of  this  species  so  far 
collected  from  Vinales  is  a  sub-mature  individual  showing  two  complete 
vohitions  and  probably  having  one  or  one  and  a  half  volutions  concealed 
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in  the  inner  umbilical  region.  Thus  the  characters  noted  will  not  be 
those  of  the  adult  form  and  can  be  used  only  in  identifjdng  shells  of  about 
the  same  size.  The  specimen  is  well  preserved,  showing  portions  of  the 
shell  and  in  several  places  the  entire  keel  remains  intact. 

Form  and  Proportions. — The  conch  is  compressed,  elliptical 
and  closely  coiled.  On  account  of  the  pronounced  involution  the  um- 
bilicus is  small  and,  the  flanks  of  the  whorls  bending  downward  abruptly 
at  the  umbilical  shoulder,  the  opening  is  surrounded  by  nearly  vertical 
walls.    Since  only  the  last  whorl  is  exposed  enough  to  allow  of  measure- 


Table  8. 

Allometric  Changes  in 

Ochetoceras  mexicanum  Bnrckhardt 
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ments  being  taken,  it  is  impossible  to  make  any  important  generaliza- 
tion about  the  trend  of  the  various  allometric  changes.  The  ratios  of 
height  to  diameter  and  width  to  diameter  remain  about  constant  showing 
that  the  conch  does  not  change  much  in  general  proportions.  There  is  a 
marked  increase  in  the  amount  of  involution  as  brought  out  by  the  figures 
in  columns  8, 9,  and  10  in  Table  8.  The  width  of  the  umbilicus  shows  an 
absolute  decrease  which  leads  to  a  relative  decrease  in  the  ratio  of  that 
width  to  the  diameter  and  an  increase  in  the  ratio  of  the  height  of  the 
whorl  to  the  width  of  the  umbilicus. 

Lateral  Groove. — At  slightly  less  than  half-way  from  the  umbili- 
cus to  the  venter,  there  is  a  rather  pronounced  lateral  groove  which 
becomes  fainter  and  shallower  towards  the  end  of  the  specimen  (PI. 
XXXVIII,  fig.  3).  On  the  inner  part  of  the  flanks  numerous  regularly- 
spaced  costse  are  developed.  They  arise  at  the  umbilical  shoulder  where 
they  are  faint  and  attain  their  greatest  prominence  at  the  edge  of  the  lateral 
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groove.  These  costae  are  directed  obliquely  orad  across  the  sides  and, 
at  the  beginning  of  the  last  whorl  of  the  specimen,  are  strongly  deflected 
orad  at  the  lateral  groove.  The  cost©  die  out  in  the  groove  and  begin 
again  on  the  outer  flanks.  In  some  cases  it  is  evident  from  the  continuity 
of  the  growth-Unes  that  the  costae  on  the  ventro-lateral  side  of  the  groove 
are  continuations  of  those  on  the  dorso-lateral,  but  there  are  also  many 
additional  intercalated  ones.  Thus,  on  the  outer  side  of  the  groove 
there  are  43  costse  and  on  the  inner  only  22.  The  costse  on  the  ventro- 
lateral area  arise  at  the  groove,  are  strongly  deflected  apicad,  and  then 
bend  orad  so  that  they  have  the  form  of  a  shallow  side,  concave  toward 
the  oral  opening;  as  they  approach  the  venter  they  attain  their  maxi- 
mum height  and  breadth  and  are  sharply  deflected  orad,  the  angles 
thus  produced  on  the  successive  costae  forming  a  continuous  abdominal 
angle  between  the  ventral  and  lateral  zones. 

Keel. — The  costae  end  at  the  abdominal  angle  above  which  rises 
the  keel.  On  the  sides  this  has  fine,  closely  crowded  crenulations  which 
terminate  in  minute  denticulations  of  which  I  counted  nine  in  a  distance 
of  5.4  mm.  The  keel  rises  to  a  maximum  height  of  1.6  mm.  above  the 
siphuncle,  which  is  shown  at  a  number  of  places  on  the  specimen  and 
which  is  1.5  mm.  in  diameter  (PI.  XXXVIII,  fig.  2). 

Where  the  shell  has  been  preserved,  the  fine  growth-lines  are  visible 
giving  rise  to  striae  parallel  to  the  co8t«.  The  growth-lines  can  be  most 
clearly  seen  in  the  lateral  groove. 

Sutures. — The  sutures  are  relatively  simple,  consistingof  a  ventral, 
two  lateral,  and  two  auxiliary  lobes  with  the  corresponding  saddles. 
The  ventral  lobe  has  two  rather  long  terminal  branches  which  are 
directed  obUquely  apicad.  The  superior-lateral  lobe  is  long  and  narrow 
with  a  central,  trifid  terminal  branch,  and  simple  secondary  lobes.  The 
second  lateral  lobe  occupies  the  lateral  groove,  is  unsynmietrical,  and  is 
shorter  than  the  first  lat-eral  lobe.  The  two  auxiliaries  are  progressively 
shorter  and  simpler.  The  superior  lateral  saddle  cannot  be  studied  on 
account  of  fractures  in  the  specimen.  The  inferior  lateral  saddle  is 
asymmetrical,  being  divided  by  a  pointed  secondary  lobe  into  two  parts, 
each  of  which  is  differently  modified  by  added  inflections.  The  three 
auxiUary  saddles  are  decreasingly  shorter  and  show  a  terminal  division 
into  two  partes. 

CoMPARsioN  WITH  RELATED  FoRMS. — This  spccics  is  identical 
with  the  Mexican  form  described  by  Burckhardt.  The  Cuban  specimen 
is  smaller  than  the  holotype,  so  that  there  is  necessarily  a  slight  difference 
in  shell  ratios  but  it  is  no  greater  than  would  be  expected.    The  sutures 
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are  somewhat  simpler  in  the  Cuban  form  but  have  the  same  pattern  and 
same  fundamental  divisions.  Burckhardt  has  pointed  out  that  the  Mexi- 
can form  is  closely  related  to  the  shell  trailed  "Ammonites  canalicvlaius^^ 
by  Quenstedt  (Ammoniten  des  schwabischen  Jura,  PI.  xcii,  figs.  1-5), 
which  is  characteristic  of  zone  jS  of  the  White  Jura  or  the  zone  of  PeUo- 
cerds  bimmamatum,  I  most  decidedly  agree  with  Burckhardt  that 
Quenstedt's  species  cannot  be  united  with  Ochetoceras  canaliadatum 
as  de  Loriol  has  done  (Oxfordien  superieure  du  Jura  L^donien,  p.  24), 
for  the  former  species  is  accelerated  in  the  mode  of  development  of  the 
costfiB  and  in  the  complexity  of  the  sutures.  The  Cuban  and  Mexican  0. 
meoncanum  are  clearly  ancestral  in  all  their  characters  to  the  "-4 
canaliculatVrS**  as  described  and  figured  by  Quenstedt.  This  fact  adds 
corroborative  evidence  as  to  the  age  of  the  beds  containing  O.  mexicanum; 
it  must  be  lower  than  the  horizon  of  PeUoceras  bimm^amatum  and  this 
has  been  shown  to  be  the  case  by  the  presence  of  0.  canaliculatum  in  the 
same  beds. 

Horizon  and  Locality. — Upper  zone  of  the  Upper  Oxfordian; 
Viftales,  Rnar  del  Rio,  Cuba. 

Ataziockeas  Fontannes 
Atazioceras  virgulatus  (Quenstedt) 

Plate  XXXVIII,  Figures  4  and  5 
1858.    Ammonites  virffulatus  Quenstedt,  Der  Jura,  p.  593,  PI.  lxxiv,  fig.  4. 
1888.    Ammonites  virgulatus  Quenstedt,  Die  Ammoniten,  III,  p.  923,  PI.  c,  fig.  5. 
1912.    Ataxioceras  virgulatus  (Quenstedt).     Burckhardt,   Faunes  Jurassiques  et 
Cretaciques  de  San  Pedro  del  Gallo,  p.  35,  PL  vii,  figs.  4-14. 

Description  of  the  Cuban  Plesiotype 

A  single  somewhat  crushed  specimen  (A.  M.  N.  H.  No.  18563)  of  this 
species  was  found  by  Mr.  Brown,  and  I  have  identified  three  representa- 
tives of  the  species  among  the  material  sent  by  Dr.  Roig.  The  specimen 
which  I  have  figured  is  a  little  over  60  mm.  in  diameter,  being  twice  as 
large  as  any  of  the  specimens  found  by  Burckhardt  at  San  Pedro  del 
Gallo.  It  shows  about  four  and  a  half  complete  volutions,  the  last 
quarter  of  the  final  one  being  crushed.  More  of  the  shell  is  preserved 
than  is  usual  in  this  Cuban  material,  but  in  places  the  finer  surface 
characters  are  obliterated  by  chapapote  flakes  and  calcite. 

The  conch,  in  the  beginning,  is  smooth,  with  very  convex  sides  and 
rounded  venter.  At  about  one  and  three-eighths  volutions  the  first 
costa  appears  as  a  short  fold  (1  mm.  long)  directed  orad,  arising  on  the 
umbilical  shoulder  and  passing  across  the  flanks  for  about  a  third  the 
distance,  that  is,  just  to  the  line  of  inclusion.    The  first  constriction  comes 
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in  at  one  and  a  half  volutions  and  is  followed  by  simple,  unbranched  cost^ 
which  have  a  strong  orad  trend.  In  the  intersphincterial  region  beyond 
the  second  constriction  the  first  branching  of  cost®  is  seen,  occurring 
on  the  umbilical  shoulder.  These  details  of  the  early  part  of  the  conch 
are  shown  on  one  side  of  the  specimen  where  a  portion  of  the  first  half 
of  the  third  volution  has  broken  away.  Beyond  this  the  costae  are 
well  shown,  arising  a  little  below  the  umbilical  shoulder  and  passing 
across  the  flanks  diagonally  and  without  branching.  The  costae  are 
fine,  sharp,  and  numerous,  there  being  thirty-two  on  the  last  half  of  the 
third  volution,  counted  on  the  lunbilical  shoulder.  On  the  last  whorl 
each  costa  branches  once  about  midway  across  the  flanks,  the  branches 
as  a  rule  remaining  united  so  that  there  are  few  intercalated  costse. 

The  constrictions  are  numerous  and  well  defined,  but  neither  broad 
nor  deep.  There  are  nine  constrictions  on  the  fourth  whorl  in  a  Uttle 
over  half  a  volution.  They  occur  at  irregular  intervals  and  are  directed 
diagonally  orad  across  the  flanks  of  the  conch. 

On  account  of  the  crushing  of  the  specimen,  I  could  not  make  the 
usual  series  of  measurements  but  can  give  the  figures  at  one  diameter. 

d      =44.8  mm. 
A.  I.  =  19.8 
w     =14.2 
u      =12.6 

The  ratios  correspond  fairly  well  with  those  for  the  largest  speci- 
men found  by  Burckhardt. 

The  conch  as  a  whole  is  compressed,  the  whorls  having  almost  flat 
flanks  which  bend  down  abruptly  at  the  umbiUcal  shoulder  but  which 
pass  without  any  angulation  into  the  evenly  rounded  venter.  The 
umbilicus  is  broad,  open  and  not  deep,  but  yet  clearly  defined. 

The  sutures  are  not  shown. 

Horizon  and  Locality. — Upper  beds  of  the  Upper  Oxfordian; 
Viftales,  Pinar  del  Rio,  Cuba. 
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Plate  XXXIV 

Fig.  1.     Perisphindes  cubanensiSf  new  species.  Holotype:  lateral  view.  P.  648. 

A.  M .  N.  H.  No.  18556. 
Fig.  2.    Perisphincies  cubanensiSf  new  species.  Holotype:  ventral  view. 

A.  M.  N.  H.  No.  18556. 
Fig.  3.'  Periaphinctes  cubanensis  mutation  a,  new  mutation.    Holotype:  lateral 
view.  P.  660.  A.  M.  N.  H.  No.  18557. 

Fig.  4.    Perisphincies  cubanensis  mutation  a,  new  mutation.   Holotype:  ventral 
view.  A.  M.  N.  H.  No.  18557. 

Horizon  :  Lower  zone  of  the  Upper  Oxfordian,  Upper  Jurassic. 
Locauty:  Vifiales,  Province  of  Pinar  del  Rio,  Cuba. 
All  of  the  figures  are  natural  size. 
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Plate  XXXV 

Fig.  1.    Perisphinctes  cubanensis  mutation  fi,  new  mutation.   Holotype:  lateral 
view.  P.  662.  A.  M.  N.  H.  No.  18558. 

Fig.  2.    Periaphinctes  cubanensis  mutation  fi,  new  mutation.  Holotype:  ventral 
view.  A,  M.  N.  H.  No.  18558. 

Pig.  3.    Perisphindes  dekUorii,  new  species.    Holotype:   lateral  view  showing 
portions  of  six  volutions.  P.  663,  A.  M.  N.  H.  No.  18559. 

Fig.  4.    Perisphindes  delatoriif  new  species.    Holotype:  lateral  view  showing 
whorls  separated.  A.  M,  N.  H.  No.  18559. 

(a)  Portions  of  first  four  volutions,  showing  early  stages  with  simple  costip. 

(6)  Portion  of  fifth  volution,  showing  cost«  bifurcating. 

(c)  Portion  of  sixth  volution,  showing  adult  arrangement  of  costs, 
and  dig.  5.     Perisphindes  delatorii,  new  species.    Holotype:  cross-section  of  whori 
and  dorsal  view  of  sixth  whorl.  A.  M.  N.  H.  No.  18559. 

Fig.  6.     Perisphindes  delatoriif  new  species.    Holotype:   view  showing  whorls 
broken  along  septa.    Innermost  whorl  exposed  smooth  on  venter. 

A.  M.  N.  H.  No.  18559. 

Horizon  :  Lower  zone  of  the  Upper  Oxfordian,  Upper  Jurassic* 

Locality:  Vifiales,  Province  of  Pinar  del  Rio,  Cuba. 
All  of  the  figures  are  natural  size. 
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Plate.XXXVI 

Fig.  1.  PerisphindesplicaliloideSf  new  species.  Holotype:  lateral  view,  slightly 
enlarged.  P.  670.  A.  M.  N.  H.  No.  18560. 

Fig.  2.  Perisphinctea  plicatiloideSf  new  species.  Holotjrpe:  ventral  view,  show- 
ing median  groove  in  internal  mold,  the  cost^e  being  unchanged  in  direction  in  cross- 
ing the  venter.    Natural  size.    Compare  with  Fig.  3.  A.  M.  N.  H.  No.  18560. 

Fig.  3.  Idoceras  soteloi  Burckhardt.  Plesiotype:  ventral  view,  showing  orad 
bending  of  cost®  and  their  complete  interruption  in  both  shell  and  internal  mold 
along  the  median  ventral  zone.  Natural  size.  Specimen  in  Palseontological  Museum, 
Columbia  University. 

Fig.  4.  Idoceras  soteloi  Burckhardt.  Plesiotype:  lateral  view  of  same  specimen 
shown  in  Fig.  3.    Natural  size. 

Horizon:  Original  of  Figs.  1  and  2  from  lower  lone  of  the  Upper  Oxfordian, 
Upper  Jurassic.  Original  of  Figs.  3  and  4  from  Idoceras  zone  of  the  Eammeridgian, 
Upper  Jurassic. 

Localities:  Original  of  Figs.  1  and  2  from  Viftales,  Province  of  Pinar  del  Rio, 
Cuba.    Original  of  Figs.  3  and  4  from  Mazapil,  Mexico. 
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Plate  XXXVn 

Fig.  1.  Ocheioceras  canalicvlaium  (von  Buch)  var.  hwrckhaTdii,  new  variety. 
Holotype:  lateral  view.   Natural  size.  P.  681.  A.  M.  N.  H.  No.  18561. 

Fig.  2.  Ocheioceras  canaliculatum  (von  Buch)  var.  bitrckkardiij  new  variety. 
Holotype:  ventral  view,  showing  outline  of  keel  and  ventral  angles.    Natural  ate. 

A.M.N.H.No.18561. 

Fig.  3.  Ocheioceras  canalicuUUum  (von  Buch)  var.  burckhardli,  new  variety. 
Holotype:  lateral  view  enlarged  about  three  and  one-half  times  to  show  suture, 
growth-lines,  and  character  of  keel.  A.  M.  N.  H.  No.  18561. 

Horizon:  Upper  zone  of  the  Upper  Oxfordian,  Upper  Jurassic. 

Locality:  Vifiales,  Province  of  Pinar  del  Rio,  Cuba. 
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Plate  XXXVHI 

Fig.  1.  OcMocercw  mexiconum  Burckhardt.  Plesiotype:  lateral  view.  Natural 
size.  P,  686.  A.  M.  N.  H.  No.  18562. 

Fig.  2.  (MetocercumexicanumBurckhsLrdi.  PlesiotjT^e:  ventral  view,  showing 
siphuncle  in  cross-section  and  outline  of  keel.    Natural  size. 

A.  M.  N.  H.  No.  18562. 

Fig.  3.  Ochetoceras  tnexicanum  Burckhardt.  Plesiotjrpe:  lateral  view,  enlarged 
about  two  and  one-haK  times  to  show  suture,  character  of  cost®,  lateral  groove,  and 
keel.  A.  M.  N.  H.  No.  18562. 

Fig.  4.  At<ixiocera8  virgiUaiiis  (Q;aenBtedt) .  Plesiotype:  lateral  view.  Natural 
size.  A.  M.  N.  H.  No.  18563. 

Fig.  5.  Ataxioceraavirgulattia  {Quenatedt),  Plesiotype:  ventral  view.  Natural 
size.  A.  M.  N.  H.  No.  18563. 

Hobizon:  Upper  zone  of  the  Upper  Oxfordian,  Upper  Jurassic. 

Locality:  Vifiales,  Province  of  Pinar  del  Rio,  Cuba. 
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Article  XVU.— STAPHYLINIDiE  FROM  FLORIDA  IN  THE  COL- 
LECTION OF  THE  AMERICAN  MUSEUM  OF  NATURAL 
HISTORY,  WITH  DESCRIPTIONS  OF  NEW  GENERA 
AND  SPECIES^ 

By  Howard  Notman 

Plate  XXXIX 

Lispinus  tenuis  LeConte 

This  species  is  given  as  a  synonym  of  L.  tenellus  Erichson,  in  the 
Junk-Schenkhng  Catalogue.  Erichson's  species  was  described  from 
Colombia,  South  America  and  the  West  Indies  and  he  uses  the  adjective 
nitidus  (shining),  whereas  LeConte's  species  is  described  as  subnitidus 
(feebly  shining).  The  specimens  at  hand  are  very  distinctly  longitud- 
inally strigose  and  dull  in  lustre  and  it  seems  very  probable  that  they 
should  be  regarded  as  a  species  distinct  from  L.  tenellus. 

Miami,  March  10. 
Thoracophorus  costalis  (Erichson). 

Punta  Gorda,  November  17;    (Leng).     Enterprise,  October  25, 

November  15,  ''under  bark." 
Omalium  humerosum  (Fauvel). 

Enterprise,  October  19. 

Tbock>phl(eu8  Mannerheim 
TrogophloBUB  m&culicoUifl,  new  species 
Form  rather  slender,  parallel,  subdepressed.  Color  dark  castaneons;  head  and 
abdomen  blackish ;  thorax  with  a  large,  nubilous  blackish  spot  on  the  disk,  extending 
to  the  apical  margin ;  basal  joint  of  the  antennae  and  the  legs  pale  flavate,  Pubescence 
very  fine  and  inconspicuous.  Integuments  slightly  shining  on  elytra  and  abdomen, 
distinctly  less  so  on  the  thorax  and  head.  Head  and  thorax  very  finely  but  strongly 
granulate-pimctate,  the  margin  of  the  thorax  granulose.  Punctures  on  the  elytra 
clearly  separated  but  very  close,  one-half  their  diameters  apart,  fine,  shallow,  um- 
bilicate.  Punctuation  of  the  abdomen  like  that  of  the  eljrtra  but  distinctly  finer  and 
denser.  Head  slightly  transverse,  a  little  narrower  than  the  thorax.  Antennal 
tuberculations  strong,  eyes  large,  moderately  convex,  coarsely*  granulate;  tempora 
straight,  one-third  the  diameter  of  the  eyes,  distinctly  but  obtusely  angulate.  Anten- 
nae slightly  longer  than  the  head  and  thorax,  feebly  incrassate;  second  and  third 
joints  elongate,  subequal;  fourth  and  fifth  just  visibly  elongate;  the  tenth  as  long  as 

iln  the  preparation  of  this  paper  especial  acknowledgements  are  due  to  Mr.  C.  W.  Leng  for  the 
privilege  of  using  the  proof-sheets  of  his  new  *  List  of  the  Coleoptera  of  North  America '  which  has 
greatly  expedited  the  work.  Acknowledgements  are  also  due  to  Col.  T.  L.  Casey,  Mr.  E.  T.  Cresson, 
Jr.,  Librarian  oi  the  American  Entomological  Society,  and  to  Mr.  A.  J.  Mutchler  of  The  American  Mu- 
seum of  Natural  History. 
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wide.  Thorax  four-fifths  the  width  of  the  elytra,  one-third  wider  than  long,  widest 
at  apical  third  where  the  sides  are  narrowly  rounded,  thence  straight  and  strongly 
convergent  to  the  apical  angles  which  are  produced,  subdentiform;  slightly  more 
strongly  convergent  and  feebly  sinuate  to  the  base  which  is  slightly  more  than  one-ialf 
the  greatest  width  and  very  distinctly  narrower  than  the  apex;  disk  rather  distinctly 
bi-impressed.  Elytra  just  perceptibly  wider  than  long,  about  one-third  longer  than  the 
thorax,  strongly  longitudinally  impressed  near  the  suture.  Abdomen  narrower  than 
the  thorax,  distinctly  wider  to  the  apex  of  the  fourth  segment;  sides  feebly  arcuate. 
Length,    2.45-2.8  mm.;  width,  .5- .6  mm.    Twenty-three  specimens. 

Type,  labeled  "Fla."  Seven  paratypes:  2,  Cape  Sable;  1,  Key  West;  4, 
labeled  *'Fla."  Other  specimens.  Enterprise,  November  22  and  December  12; 
Titusville,  November  8,  at  light;  (Lutz). 

This  species  is  closely  related  to  fiUvipea  Erichson  described  from 
Porto  Rico.  Erichson,  however,  states  that  in  fulvipes  the  apical  margin 
of  the  elytra  is  often  paler.  No  trace  of  this  is  to  be  found  in  the  twenty- 
two  specimens  at  hand,  not  even  in  a  pale-colored  immature  example. 
The  elytra  are  in  fact  distinctly  somewhat  nubilously  darker  in  the 
outer  apical  angles.  The  dark  cloud  on  the  thorax,  also,  is  entirely  con- 
stant. T,  texanua  Casey,  which  is  given  as  a  synonym  of  fulvipeSj  differs 
by  its  broader  thorax  and  more  widely  spaced  ely tral  punctures  and 
probably  more  rounded  tempora. 

TrogophloBUB  baiicomifl,  new  species 
Form  somewhat  robust  and  convex.  Color  dark  castaneous;  head  and  abdomen 
black;  tarsi,  tibise,  and  basal  joint  of  the  antennae  pale  flavate.  Integimients  rather 
shining.  Head  and  thorax  with  the  punctures  fine,  distinct,  separated  by  about  half 
their  diameters ;  punctures  of  the  elytra  twice  the  diame*ers  of  those  on  the  thorax  and 
separated  by  more  than  their  diameters;  the  punctures  somewhat  bronzed;  abdomen 
rather  s  rongly  micro-ret icula'e  but  very  finely  and  sparsely  punctate.  Head  scarcely 
transverse,  very  slightly  narrower  than  the  thorax;  antennal  tuberculations  not  verj 
strong;  eyes  small  but  convex  and  coarsely  granulate;  tempora  equal  in  length  to  the 
eye,  strongly  rounded  and  equally  prominent.  Antennae  as  long  as  the  head  and 
thorax,  slender,  second  joint  almost  as  long  as  the  next  two  and  very  much  thicker,  as 
thick  as  the  first;  third  joint  distinctly,  fourth  ver>'  slightly  elongate;  ninth  and  tenth 
joints  distinctly  larger,  as  long  as  wide.  Thorax  about  three-fourths  the  width  of  the 
elytra,  one-third  wider  than  long,  widest  l)efore  the  middle,  sides  nearly  paraUel 
anteriorly,  rounded  and  nearly  s  raight  pos  eriorly,  base  about  two-thirds  the 
greatest  width;  angl^^s  not  distinct,  discal  impressions  very  feeble.  Elytra  scarcely 
transverse,  about  one-half  longer  than  the  thorax,  sutural  impressions  very  feeble. 
Abdomen  slightly  narrower  than  the  c^lytra  at  base,  subparallel  to  the  apex  of  the  fifth 
segment.    Length,  1.75-2  mm.;  width,  .4  mm.    Three  specimens. 

Type  and  paratype,  labeled  **Fla."  and  one  specimen,  Enterprise,  September  14. 

This  species  is  related  to  T.  nanuluii  (^asey  and  T.  modestm  Casey 
but  differs  by  its  slender  antennae  with  the  outer  joints  not  transverse. 
The  antennal  structure  is  lik(»  that  of  T.  corticimus  Grav.  and  T.  gracilu 
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Mannerheim  European  specimens  of  which  are  at  hand.     The  basal 
joint  in  corticinus  is  dark,  however,  and  the  fourth  joint  in  gracilis  is 
smaller  and  distinctly  transverse.    In  both  these  species  the  elytra  are 
longer  than  wide. 
Ozytelus  insignitus  Gravenhorst. 

Chokoloskee,  April     8;    South  Bay,   Lake  Okeechobee,   May  1, 

beating;   Everglade,  April  15,  in  traps;  (Grossbeck). 
Ozsrtelus  nanus  Erichson. 

Gainsville,  October  1,  under  cow  dung;    Monticello,  October  8, 

in  cheese  traps;   (Mutchler). 

Blkdius  Stephens 
Series  Armati 

1.  Flanks  of  the  thorax  convex 2. 

Flanks  of  the  thorax  concave  along  the  side  margins 5. 

2.  Thorax  scarcely  wider  than  long;  lateral  thoracic  angles  obsolete 3. 

Thorax  dis'inctly  wider  than  long,  two-fifths  to  one-third;    lateral  thoracic 

angles  distinct 4. 

3.  Head  narrower;  elytra  rufo-piceous;   size  larger,    6.5-6  mm armatus  Say. 

Head  wider,  nearly  as  wide  as  the  thorax;    elytra  piceous  black;  size  smaller, 

4.3-4.9  mm arUonensis  Fall. 

4.  Apex  of  the  thorax  truncate;  apical  angles  distinct strenuus  Casey. 

Apex  of  the  thorax  broadly  rounded;  apical  angles  broadly  rounded 

furtivus  Casey. 

5.  Under  surface  of  the  thorax  without  an  impressed  line  parallel  to  the  margin.  .6. 
Under  siu^ace  of  the  thorax  with  an  impressed  line  parallel  with  the  margin. .  8. 

6.  Elytra  finely  and  densely  punctate 7. 

Elytra  coarsely  and  less  densely  punctate nigricepsy  new  species. 

-7.     Elytra  much  longer  than  the  thorax fenyesi  Bernhauer. 

•Elytra  scarcely  as  long  as  the  thorax monstratus  Casey. 

8.  Median  line  of  the  thorax  indistinct  and  incomplete 9. 

Median  line  of  the  thorax  distinct,  entire 11, 

9.  Head  without  a  tubercle  but  with  a  fovea 10. 

Head  with  a  tubercle  on  the  vertex;  without  a  fovea consimilis  Fall. 

10.  Thorax  opaque flavipennis  LeConte. 

Thorax  shining ineptus  Casey. 

11.  Thorax  finely  punctate 12. 

Thorax  coarsely  punctate 14. 

12.  Elytral  puncUia;  ion  closer;  punc!  ures  separated  by  about  their  own  diameter  13. 
Elyiral  punctuation  sparser;    punctures  separated  by  more  than  twice  their 

diameter agonus    Casey. 


Digitized  by 


Google 


696  Bulletin  American  Museum  of  Natural  History  [Vol.  XLII 

13.  Median  thoracic  line  feebly  impressed;    head  finely  and  strongly  punctate; 

elytra  one-third  longer  than  the  thorax lectvs  Casey. 

Median  thoracic  line  more  strongly  impressed;  head  with  few  fine  and  scattered 
punctures;   elytra  one-fifth  longer  than  the  thorax episcopalis  Fall. 

14.  Head  without  a  tubercle 15. 

Head  ^ith  a  prominent  divided  tubercle , . .  .gradatus  Fall. 

15.  Head  with  an  impression  on  the  vertex 16. 

Head  without  any  impression  on  the  vertex politus  Erichson. 

16.  Dorsal  line  of  the  thorax  fine,  feebly  impressed 17. 

Dorsal  line  of  the  thorax  wide  and  very  deeply  impressed eximius  Casey. 

17.  Elytra  finely  and  densely  punctate cuspidalus  LeConte. 

Elytra  feebly,  sparsely,  and  somewhat  coarsely  punctate tenuis  Casey. 

Bledius  nigriceps,  new  species 

Form  rather  slender,  parallel,  strongly  convex.  Color  of  head  black;  abdomen 
piceous  black;  thorax  rufous;  elytra  testaceous,  rather  broadly  blackish  along  the 
suture;  antennae  rufous,  legs  testaceous.  Head  moderately  shining,  uniformly,  finely 
but  strongly  granulate-reticulate;  thorax  and  elytra  very  strongly  shining,  thorax 
very  feebly  reticulate  near  the  margins;  abdomen  moderately  shining,  rather  feebly 
reticulate.  Head  about  four-fifths  the  width  of  the  thorax,  feebly  convex,  without 
punctures;  antennal  tubercles  large  and  strong;  anterior  angles  of  the  epistoma  with 
small  but  strong  and  acute  teeth;  vertex  with  a  rather  large,  broadly  rounded  tuber- 
culation;  epistomal  suture  fine,  arcuate,  scarcely  impressed.  Antennie  reaching  the 
middle  of  the  thorax;  third  joint  as  long  as  the  second,  as  long  as  the  next  two;  tenth 
joint  one-third  wider  than  long.  Thorax  as  wide  as  the  base  of  the  elytra,  four-fifths 
the  width  of  the  apex,  as  wide  as  long,  sides  parallel  and  straight  for  apical  two-thirds 
thence  broadly  rounded  to  the  base,  lateral  and  basal  angles  completely  roimded;  apex 
subtruncate,  apical  angles  rounded;  disk  very  sptirsely,  unevenly,  rather  coarsely 
and  indistinctly  punctate;  median  line  wide,  entire  and  strongly  impressed.  Elytra 
about  one-fourth  longer  than  wide,  suture  about  one-fourth  longer  than  the  thorax, 
sides  nearly  straight;  glabrous,  punctures  coarse  but  not  dense,  separated  by  some- 
what less  than  their  diameters.  Abdomen  parallel  to  the  apex  of  the  fourth  segment, 
not  as  wide  as  the  elytra,  nearly  impunctate.  Length,  4-4.5  mm,;  width,  .75-1 
mm.    cT,  9 .    Seven  specimens. 

Type  and  five  paratypes,  Fort  Meyers,  March  30,  at  light;  (Grossbeck).  One 
specimen  from  the  type  locality. 

Series  Semiferruginei 

1.  Basal  thoracic  angles  rounded,  indistinct 2. 

Basal  thoracic  angles  not  roimded,  somewhat  prominent turgidus  Casey 

2.  Thoracic  episterna  not  triangular,  sutures  parallel  with  the  side  margin  of  the 

under  surface  of  the  thorax 3. 

Thoracic  episterna  very  distinctly  triangular,  sutures  directed  to  the  front  angl« 
of  the  pronotum 6. 

3.  Dorsal  line  of  the  thorax  present 4- 

Dorsal  line  of  the  thorax  wanting 5. 
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4.  Dorsal  line  faint analis  LeConte. 

Dorsal  line  well  impressed piceus  Fall. 

5.  Thorax  very  densely  punctate;  punctures  moderate  in  size assimilis  Casey 

Thorax  coarsely  but  not  densely  punctured nitidicoUia  LeCont« 

6.  Sides  of  the  thorax  very  much  rounded 7. 

Sides  of  the  thorax  slightly  rounded,  nearly  parallel  in  front 9. 

7.  Head  not  or  obsoletely  punctured 8. 

Head  coarsely  punctured aemiferrugineus  LeConte. 

8.  Thorax  wider  than  long,  densely  punctured rotundicoUis  LeConte. 

Thorax  not  wider  than  long,  more  coarsely  punctured fumaius  LeConte. 

9.  Head  shining,  not  reticulate 10. 

Head  more  or  less  dull 13. 

10.  Head  punctiu^ 11. 

Head  impunctate  except  for  the  median  fovea 12. 

11 .  Head  and  thorax  sparsely  not  very  coarsely  pimctured;  thorax  longer  than  wide 

nitidiceps  LeConte. 

Head  and  thorax  very  coarsely  and  rather  closely  punctiu^d;  thorax  as  long  as 

wide canaliculatuSf  new  species. 

12.  Thorax  feebly  reticulate  laterally specularis  Fall. 

Thorax  strongly  granulate-reticulate  throughout regularis  Fall. 

13.  Thorax  more  or  less  strongly  reticulate,  dull 14. 

Thorax  not  or  feebly  reticulate,  more  or  less  strongly  shining 16. 

14.  Black,  elytra  paler.    Head  more  or  less  distinctly  punctate.    Median  thoracic 

line  more  or  less  strongly  impressed 15. 

Black.   Head  impunctate;  median  thoracic  line  fine opoc^rona  LeConte. 

15.  Tenth  antennal  joint  as  long  as  wide;  sides  of  the  thorax  straight  anteriorly. 

tallaci  Fall. 

Tenth  antennal  joint  slightly  transverse;   sides  of  the  thorax  slightly  arcuate 

anteriorly phUadelphictts  Fall. 

16.  Thorax  and  abdomen  black 17. 

Abdomen  ruf  o-testaceous,  thorax  more  or  less  darker 19. 

17.  Outer  antennal  joints  more  or  less  transverse;   thorax  finely  reticulate;   head 

uniformly  reticulate 18. 

Outer  antennal  joints  not  transverse;   thorax  not  reticulate;   area  contiguous 
to  the  cephalic  fovea  polished foraminosus  Casey. 

18.  Elytra  distinctly  longer  than  the  thorax,  suture  one-fifth  longer,  brownish  black; 

antennal  joints  less  transverse;  thoracic  episterna  less  narrowed  anteriorly, 
width  at  the  front  angles  one-half  that  at  the  coxal  fissures,  .deceptiirus  Fall. 
Elytra  scarcely  longer  than  the  thorax,  rufo-castaneous,  blackish  on  the  base 
and  suture;  antennal  joints  more  transverse;  thoracic  episterna  more 
narrowed  anteriorly relidus  Fall. 

19.  Thorax  coarsely  and  densely  punctured nibiginosus  Erichson. 

Thorax  finely  and  sparsely  punctured gramdus  Casey. 
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BlediuB  canaliculatuB,  new  species 
Form  rather  slender,  parallel,  convex.  Color  mfo-piceous,  head  and  thorax 
black;  antennse  and  legs  rufo-testaceous,  the  former  slightly  infuscate  dis'ally.  Integ- 
umens  shining  throughout;  abdomen,  only,  feebly  and  partially  reticulate.  Head 
as  wide  as  the  thorax;  eyes  large  and  very  convex;  ant ennal  and  epistomal  tubercles 
feeble;  episomal  suture  distinctly  impressed;  a  feeble  impunctate  tuberculation  on 
the  vertex  wiih  a  fovea  behind  it;  sides  of  the  front  with  numerous  large,  rather  deep 
punctures  separated  by  less  than  their  diameters,  those  on  the  clypeus  less  distinct. 
Antennae  long  and  slender,  nearly  reaching  the  base  of  the  thorax;  third  joint  slightly 
shor'er  than  the  second;  fourth  and  fifth  elonga'e,  fourth  scarcely  shorter  than  the 
third,  fif:h  8!ightly  shorter  than  the  fourth;  outer  joints  gradually  and  very  mod- 
erately larger;  ten'h  as  long  as  wide.  Thorax  as  long  as  wide,  three-fourths  as  wide 
as  the  elytra,  sides  in  the  anterior  two-thirds  straight  and  parallel  thence  broadly 
rounded  posteriorly,  angles  and  base  completely  obsolete;  apex  just  visibly  arcuate, 
apical  angles  rounded.  Median  line  rather  wide  but  feebly  impressed;  punctures 
large,  deep,  separated  by  about  their  diameters,  showing  a  marked  tendency  to 
canalicula '  ion  especially  on  the  f  ides.  Elytra  as  long  as  wide,  on  the  suture  about  one- 
fifth  longer  than  the  thorax;  punctures  dislinctly  smaller  than  those  on  the  thorax 
but  as  closely  placed,  evenly  distributed;  pubescence  whitish,  rather  long  and  con- 
spicuous but  not  dense,  that  on  the  abdomen  longer  and  pale  fulvous.  Abdomen 
scarcely  narrower  than  the  ap  x  of  the  elytra,  sides  subparallel  to  the  apex  of  the 
fourth  segment;  punctures  fine  and  very  sparse  dorsally,  more  numerous,  rather 
coarser  but  very  indistinct  ventrally.  Length,  5  nun.;  width,  1  mm.  One  specimen. 
Type,  Fort  Myers,  March  30,  at  light;  (Grossbeck). 

Bledius  punctatissfmus  LeConte. 

Pablo  Beach  (on  the  beach  just  above  high-tide  mark),  November 
4,  in  or  under  dung,  boards,  etc. ;  Punta  Gorda,  November  16,  sweep- 
ing grasses  on  edge  of  standing  rain-pool;  (Leng). 

Bledius  basalis  LeConte. 

Dunedin,  March  4;  (Blatchley).  Pablo  Beach  (on  the  beach  just 
above  high-tide  mark),  November  4,  in  or  under  dung,  boards, 
etc.;  (Leng). 

Bledius  dimidiatus  LeConte. 
Enterprise,  October  1, 

Bledius  cordatus  (Say). 

Marco,  April  17,  at  Ught;  (Grossbeck). 

Osorius  politus  LeConte. 

Titusville,  November  8;    (Lutz). 

OsoBius  Latreille 
Osorius  brevicomis,  new  species 
Form  elongate,  parallel,  cylindrical.  Color  black;  front  of  the  head,  antenns, 
legs,  thorax  and  elytra  rufous;  elytra  slightly  paler.  Head  feebly  reticulate,  shining 
with  ra'her  numerous,  moderatensized  and  somewhat  indistinct  punctures,  divided 
by  a  median  smooth  line  of  moderate  width;  thorax  still  more  feebly  reticulate, 
strongly  shining,  with  irregular  series  of  elongate  punctures  divided  medially  by  a 
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smooth  line,  punctures  slightly  larger  and  more  distinct  than  those  on  the  head,  not 
very  closely  placed,  separated  by  more  than  their  diameters;  elytra  strongly  shining 
but  somewhat  rugose  with  the  punctuation  rather  indistinct  except  near  the  base 
where  the  punctures  are  about  the  size  of  those  on  the  thorax;  abdomen  rather  more 
finely  and  closely  punctured  but  not  rugose.  Head  slightly  transverse,  as  wide  as  the 
thorax,  strongly  arcuato-angulate  anteriorly,  front  and  vertex  evenly  convex;  eyes 
small,  distant  more  than  their  diameters  from  the  base.  Antennse  short,  rather  stout 
scarcely  reaching  the  middle  of  the  thorax;  first  joint*  very  long,  as  long  as  the  next 
five;  second  joint  stout,  about  one-half  longer  than  wide;  third  shorter,  but  slightly 
elongate,  one-fourth  as  long  as  wide;  fifth  and  sixth  globular,  visibly  transverse; 
remaining  joints  suddenly  somewhat  larger,  all  transverse,  eight  to  ten  one-third 
wider  than  long;  terminal  joint  very  slightly  elongate,  a  little  longer  than  the  tenth; 
mentum  trap  zoidal,  scarcely  transverse,  narrower  in  front,  strongly  granulose. 
Thorax  closely  connate  with  the  head,  a  very  little  longer  than  wide,  sides  somewhat 
strongly  narrowed  posteriorly,  feebly  arcuate,  apical  angles  acute,  basal  rounded. 
Elytra  parallel,  scarcely  wider  or  longer  than  the  thorax,  distinctly  impressed  along 
he  suture.  Abdomen  as  wide  as  the  elytra  at  base,  sides  straight  and  distinctly 
divergent  to  the  apex  of  the  fifth  segment  where  it  is  distinctly  wider  than  any  part  of 
the  body.  Length,  4.5  mm.;  width,  .75  mm.  One  specimen. 
Type,  Pensacola,  October  11,  sweeping;  (Mutchler). 

This  species  may  be  distinguished  from  0.  latipen  Erichson  as  repre- 
sented by  a  Kentucky  specimen  agreeing  with  Erichson's  description, 
by  its  color,  more  indistinctly  punctured  head  and  elytra,  abdomen  wider 
posteriorly,  but  especially  in  the  antennal  structure.  The  outer  joints  in 
0.  latipes  are  as  long  as  wide  and  the  funicular  joints  all  visibly  elongate; 
the  third  is  nearly  twice  as  long  as  wide,  where^LS  the  third  in  0.  brevi- 
comis  is  not  more  than  one-fourth  longer. 

Stbnus  Latreille 
StenuB  teter,  new  species 

Form  rather  slender.  Pubescence  short  and  fine,  very  inconspicuous.  Head 
rather  small,  twice  as  wide  as  long;  interocular  lines  meeting  at  about  two  lengths  in 
advance;  interocular  surface  rather  broad,  slightly  more  than  twice  the  width  of  the 
eye;  sulcations  broad,  rather  shallow,  8epara*ed  by  a  short,  not  very  prominent,  but 
h'ghly  polished  tuberculation;  punctures  rather  coarse  and  close,  separated  by  about 
one-half  their  diameters,  more  or  less  coalescent  in  groups  of  two  or  three;  interspaces 
very  shining.  Antennae  somewhat  longer  than  the  width  of  the  head;  basal  joints 
black,  the  remainder  dark  piceous;  slender;  joints  three  to  seven  decreasing  gradually 
in  leng'h,  seventh  a  little  s'outer,  eighth  very  slightly  elongate,  club  moderate;  maxil- 
lary palpi  dark  piceous  throughout,  moderate  in  length.  Thorax  nearly  one-third 
longer  than  wide,  widest  a  little  in  front  of  the  middle  where  it  is  three-fourths  the 
wid  h  of  the  head,  thence  nearly  straight  and  slightly  convergent  to  the  anterior 
■  ang'es,  convergent  and  distinctly  sinuate  to  the  pos  erior  angles,  apex  arcuate,  equal 
in  wid  h  to  the  base  which  is  nearly  straight;  surface  rather  uneven,  more  or  less 
distinctly  impressed  on  the  sides,  with  a  fine,  almost  linear,  median  canaliculation 
which  is  subentire;    punctures  rather  coarse,  slightly  larger  than  those  of  the  head. 
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unevenly  distributed,  closer  and  more  or  less  canaliculate  in  the  lateral  impressions 
where  they  are  separated  by  half  their  diameters,  more  widely  spaced  in  irregular 
median  areas;  interspaces  highly  polished.  Elytra  at  base  just  visibly  wider  than  the 
head,  as  wide  as  long,  suture  one-fifth  longer  than  the  thorax,  sides  parallel,  feebly 
arcuate;  surface  very  uneven,  strongly  impressed  along  the  suture;  a  humero-discal 
impression  and  an  apico-lateral  impression;  punctures  similar  in  size  and  arrangement 
to  those  on  the  thorax.  Abdomen  nearly  as  wide  as  the  elytra  at  base,  very  gradually 
decreasing  in  width  to  the  apex  of  the  fourth  segment,  pimctuation  fine  and  confined 
more  or  less  to  the  sides  of  the  segments;  transverse  carinae  foiu*-cuspid,  the  cusps  sub- 
similar.  Legs  rather  long  and  slender,  dark  piceous,  first  joint  of  the  posterior  taisi 
as  long  as  the  next  two,  a  little  shorter  than  the  last,  fourth  simple.  Length,  3.75- 
4.25  nmi.;  width,  .7-8  nmi.    cf,  9.    Two  specimens. 

Male. — Fifth  ventral  segment  just  perceptibly  sinuate  at  middle,  sixth  with  a 
very  broad  and  shallow  emargination,  occupying  the  whole  width  of  the  segment, 
seventh  segment  truncate  with  a  rather  long  acute  tooth  at  either  end. 

Female. — Sixth  segment  broadly  rounded. 

Type  male  and  allotype  female,  Enterprise,  December  15,  "debris,  L.  shore." 

This  species  is  evidently  related  to  S,  pluto  Casey.    It  may  be  distin- 
guished by  its  narrower  elytra  with  coarser  punctuation  and  uneven 
surface  and  by  its  narrower  and  more  elongate  thorax. 
Stenus  sectilifer  Casey. 

Titusville,  November  8;    (Lutz).     Punta  Gorda,  November  16; 
(Leng). 
Stenus  meridionalifl  (Casey). 

Enterprise,  November  22,  December  12  and  15.     Fort  Meyers, 
November  15,  at  roadside  pool,  apparently  rather  p)ermanent; 
(Lutz). 
Stenus  caUosus  Erichson. 

Monticello,  October  8,  dredging  lakes  in  cypress  swamp  at  Lake 
Micesoukee;  (Mutchler).  Titusville,  November  8,  in  a  roadside 
pond,  probably  part  of  a  wet-weather  run;  (Lutz). 


Stenus  lutzi,  new  species 
Form  slightly  robust,  convex.  Subglabrous.  Integimaents  very  highly  polished. 
Head  large,  twice  as  wide  as  long;  interocular  surface  flat,  twice  as  wide  as  the  eye; 
ocular  lines  meeting  at  about  one  length  in  advance;  a  median,  fusiform,  impunctate 
callosity  on  the  vertex  and  indistinct  callosities  either  side  near  the  eye;  supra- 
antennal  ridges  smooth  and  polLshed;  pimctures  moderate  in  size  and  close-set, 
separated  by  about  one-third  their  diameters.  Antennae  longer  than  the  width  of  the 
head,  slender,  rather  pale  brownish  testaceous;  club  darker,  third  joint  nearly  as 
long  as  the  next  two  which  are  of  equal  length  and  distinctly  longer  than  the  sixths 
seventh  incrassate,  elongate;  eighth  slightly  transverse;  ninth  and  tenth  subequal 
in  length;  terminal  joint  much  longer.  Thorax  three-fourths  the  width  of  the  head, 
widest  at  the  middle  where  it  is  just  visibly  narrower  than  long,  sides  arcuate  and 
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convergent  anteriorly,  equally  convergent  and  sinuate  posteriorly,  apex  arcuate  and 
equal  to  the  base  which  is  much  less  arcuate.  Punctures  coarse,  distinctly  larger  than 
those  on  the  head,  more  widely  and  unevenly  spaced  on  the  disk,  with  a  median,  fusi- 
form, highly  polished  smooth  area,  on  the  sides  separated  by  about  half  their  wid'hs. 
Elytra  strongly  convex,  at  base  slightly  narrower  than  the  head,  suture  slightly 
longer  than  the  thorax,  conjointly  slightly  transverse,  sides  rather  strongly  divergent 
posteriorly  so  that  the  apex  is  distinctly  wider  than  the  head;  suture  feebly  impressed, 
pimctures  equal  in  size  to  those  on  the  thorax,  sparse  along  the  suture,  more  dense 
laterally  where  they  are  separated  by  about  their  diameters;  sides  strongly  rounded 
apically.  Abdomen  much  narrower  than  the  elytra,  unmargined;  transverse  carina 
without  cusps;  segments  rather  closely  punctured  in  the  basal  impressioiis,  nearly 
impunctate  apically,  punctures  much  finer  than  those  on  the  elytra.  Legs  of  moderate 
size;  basal  joint  of  the  posterior  tarsi  as  long  as  the  next  three,  fourth  deeplj'  bilobed; 
color  pale  brownish  testaceous,  femora  indefinitely  darker  to  the  knees.  Length,  3 
mm.;  width,  .75  mm.    One  specimen. 

Female. — Sixth  ventral  segment  evenly  rounded  posteriorly. 

Type  female,  Monticello,  October  8,  dredging  lakes  in  cypress  swamp,  at  Lake 
Micesoukee;  (Mutchler). 

This  species  is  very  distinct  from  ;S.  callosus  Erichson  by  its  large 
head,  short  transverse  elytra,  with  the  sides  strongly  divergent  pos- 
teriorly and  the  slightly  darker  legs  with  indefinitely  infuscate  femoral 
apices. 

Pinophilus  latipes  Gravenhorst. 

Fert  Meyers,  March  30,  April  1  and  22  at  light;    (Grossbeck). 
Key  West. 

Palaminus  testaceus  Erichson. 
Enterprise,  October  25. 

Palaminus  contortus  LeConte. 

Lake  Island,  February  25;  (Blatchley). 

Gastrolobium  bicolor  (Gravenhorst). 
Enterprise,  November  22. 

Hesperobium  cinctum  (Say). 

Fort  Meyers,  March  30,  at  light;  (Grossbeck). 

Psdderus  littoreus  Austin. 

Clearwater,  April  30;    (Van  Duzee).     Newberry,  November  18, 
under  boards,  near  pines  in  sandy  field.;  (Leng). 

Psdderus  floridanus  Austin. 

Fort  Meyers,  November  12,  at  light;  (Lutz). 

Psdderus  obliteratus  LeConte. 

Sanford,  April  4;  (Blatchley).    Enterprise,  November  12,  December 
12. 
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TBTARTonui  Czwalina 
TetartopeuB  nigriceps,  new  sp>ecie8 

Form  elongate,  subfusiform,  scarcely  convex.  Color  piceous,  head  black,  elytra 
with  the  outer  apical  angles  sharply  testaceous;  labrum,  mouth-parts  and  the  two 
basal  joints  of  the  antennae  rufous;  legs  dull  testaceous;  the  apex  of  the  abdomen 
not  distinctly  paler;  apical  joint  of  the  antenna  paler.  Head  to  the  bases  of  the 
antennffi  as  wide  as  long,  orb'cular ;  the  eyes  moderate  in  size,  at  less  than  twice  their 
diameters  from  the  base.  Head  behind  the  eyes  convergent  throughout,  in  the  female 
perfectly  circular,  in  the  male  the  base  is  just  visibly  truncate  and  the  sides  feebly 
subanguhtte;  neck  one-third  the  width  of  the  head,  surface  distinctly,  more  or  less 
closely  punctate  with  a  smooth  area  on  the  vertex,  rather  coarse  punctures  mixed  with 
fine.  AntennsB  even  in  thickness,  attaining  the  base  of  the  thorax;  first  joint  consider- 
ably longer;  the  second  slightly  shorter;  the  third  somewhat  longer  than  the  re- 
maining which  are  of  equal  length,  about  twice  as  long  as  wide.  Gular  sutures  at 
apex  separated  by  about  one-eighth  the  width  of  the  head,  straight  and  slightly  con- 
vergent to  the  base;  under  side  of  the  head  not  closely,  rather  finely  and  indistinctly 
punctured.  Thorax  scarcely  wider  than  the  head  (cf),  just  visibly  so  ( 9),  a  little 
less  than  one-third  longer  than  wide,  about  two-thirds  the  width  of  the  elytra,  sides 
very  feebly  arcuate  (cT),  absolutely  parallel  (9);  angles  all  equally  moderately 
rounded,  surface  rather  coarsely  and  closely  punctate  with  a  smooth  median  line 
equal  in  width  to  the  thickness  of  the  first  antennal  joint.  Elytra  a  little  less  than 
one-third  longer  than  wide,  just  visibly  more  elongate  in  the  female;  the  suture  a 
sixth  longer  than  the  thorax,  sides  parallel,  apex  somewhat  strongly  emarginate, 
surface  slrongly  and  rather  closely  punctate,  the  punctures  very  shghtly  smaUer  than 
those  on  the  thorax.  First  joint  of  the  posterior  tarsi  distinctly  shorter  than  either 
the  second  or  the  third.   Length,  8  mm.;  width,  1.4-1.5  mm.    cf,  9.   Two  specimens. 

Type  male  and  paratype  female,  labeled  "Fla." 

Male. — The  second  ventral  segment  of  the  abdomen  slightly  flattened  and 
glabrous  medially,  the  third,  fourth,  and  fifth  longitudinally  impressed,  the  sixth  with 
a  rather  deep  and  narrow  and  acutely  triangular  emargination  about  one-third  the 
length  of  the  segment.    The  sixth  dorsal  broadly  rounded. 

Female. — The  sixth  ventral  segment  with  a  broad  lobe,  at  base  two-thirds  the 
width  of  the  segment,  broadly  rounded  at  the  apex,  length  about  two-thirds  that  of 
the  segment.    The  sixth  dorsal  segment  strongly  angulate. 

The  shape  of  the  head  in  this  species  allies  it  to  T.  nigrescent  Casey 
but  the  sexual  characters  are  those  of  T,  angvlaris  LeConte  from  which 
it  differs  considerably  in  proportions. 
Pseudolathra  analis  (LeConte). 

Enterprise,  December  15. 
Linolathra  dimidiata  (Say). 

Enterprise,  December  12  and  15. 
Lathrobiella  centralis  (LeConte). 

Entel^rise,  November  17,  December  12  and  14. 
LithochariB  ochracea  (Gravenhorst). 

Enterprise,  October  12,  November  22. 
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ScxocHASU  Arrib&Izaga 

(Sciocharella  Casey) 
SciochariB  (Sciocharella)  quadriceps,  new  species. 

Form  elongate,  moderately  slender,  rather  depressed.  Color  brownish  testa- 
ceous; head  darker,  tinged  with  piceous;  elytra  paler,  tes  aceous.  Body  evenly,  finely, 
rather  indistinctly  micro-reticulate  and  punctate  throughout,  punctures  little  more 
than  a  circular  ring  with  a  minute  hair  at  the  center;  lus  re  feebly  shining.  Head  to 
the  bases  of  the  antennae  slightly  transverse;  sides  parallel,  base  trunca'e,  posterior 
angles  moderately  rounded;  eyes  round,  moderate  in  size,  dis'^ant  somewhat  more 
than  their  own  diameters  from  the  base.  Labrum  narrowly  and  deeply  emarginate 
medially  with  a  denticle  either  side  of  the  emargination.  Antenna  as  long  as  the 
head  and  thorax;  first  two  joints  greatly  thickened;  second  nearly  as  long  as  the 
next  two.  Gular  sutures  well  separated  at  base,  about  one-fleven*h  the  width  of  the 
head,  parallel  for  a  short  distance  then  arcuate  and  rather  strongly  divergent  to  the 
base.  Neck  a  httle  less  than  one-half  the  wid  h  of  the  head.  Tho  ax  as  wide  as  long, 
about  four-fifths  the  width  of  the  elytra,  visibly  narrower  than  the  head,  base  and 
apex  equally  moderately  arcua*e,  angles  rounded,  anterior  slightly  more  dis  inct 
than  the  basal.  Elytra  scarcely  wider  than  the  head,  slighiy  longer  than  the  thorax, 
about  one-fourth  longer  than  wide,  sides  parallel,  apex  dis  inc!ly  emarginate.  Ab- 
domen a  little  narrower  than  the  elytra,  parallel  to  the  apex  of  the  fourth  segment. 
Prostemum  not  carinate,  somewhat  convex  medially.  Anterior  tarsi  not  dilated; 
four  basal  joints  of  the  pos'erior  tarsi  subequal  in  leng'h,  terminal  joint  as  long  as 
the  preceding  three.  Length,  2.6-2.75  nun.;  width,  .4  mm.  cT,  9.  Nine  speci- 
mens. 

Male. — Fifth  ventral  abdominal  segment  with  a  broad,  short  median  lobe,  not 
quite  one-third  the  width  of  the  segment;  sixth  with  a  deep,  cuspidiform  median 
emargination. 

Type  male  and  allotype  female,  labeled  "Fla."  Paratypes:  four,  Enterprise, 
October  12  and  19,  rubbish;  three,  labeled  "Fla." 

This  species  differs  from  S,  deUcatida  Casey  in  its  larger  size,  larger 
eyes  and  narrower,  somewhat  elongate  elytra. 
Scopsdus  carolinsB  Casey. 

Enterprise,  October  27,  November  1  and  19,  "debris,  L.  shore/' 
Scopsdus  macilentus  Casey. 

Enterprise,  October  25. 
8cop8»op8i8  opaca  (LeConte). 

Enterprise,  November  19  and  22,  Titusville,  November  8,  sifting 

leaves  in  forest;   (Lutz). 
Stilicus  angularis  Erichson. 

Enterprise,  October  15  and  19. 
Stanmoderus  pallidus  Casey. 

Enterprise,  October  19,  "pahn."  ♦ 

Astenus  binotatus  (Say). 

Punta  Gorda,  November  16,  sifting  debris  on  beach  of  Charlotte 

Harbor;    (Leng). 
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Afltenus  spectrum  (Casey). 

Enterprise,  November  15,  December  12. 
Afltenus  fusciceps  (Casey). 

Cape  Sable. 
Leptogenius  brevicomis  Casey. 

Enterprise,  December  15. 
Gyrohypnus  temporalis  (LeConte). 

Enterprise,  December  12. 
Gyrohypnus  luteiyentris  Casey. 

Newberry,  November  18,  beating  pine;  (Leng). 
Lithocharodes  nigripemiis  (LeConte). 

Enterprise,  October  19,  November  19  and  22,  December  12. 
Diochus  schaumi  Kraatz. 

Enterprise,  December  12,  14  and  15.    Titusville. 


Ophioomma,  new  genus 

Labial  palpi  with  the  penultimate  joint  large,  somewhat  inflated;  terminal  joint 
very  small,  elongate,  parallel,  the  apex  truncate.  Maxillary  palpi  with  the  penulti- 
mate joint  with  short,  coarse  hairs,  oval,  internal  edge  more  arcuate,  the  apex  oblique: 
the  terminal  joint  very  small,  conical,  acute. 

Head  broad,  flattened,  quadrangular,  front  truncate;  labrum  large,  strongly 
obliquely  truncate  either  side  with  a  deep  triangular,  median  emargination;  antenns 
inserted  at  the  apical  angles  of  the  epistoma,  some  distance  before  the  eyes,  not  cloady 
approximate.  Eyes  small,  distant  from  the  base;  neck  narrow;  one-third  the  width 
of  the  head;  gular  sutures  approximate  anteriorly,  arcuate  and  strongly  divergent 
posteriorly,  separated  at  the  base  by  one-third  the  width  of  the  head.  Antenns  short, 
distinctly  capitate;  first  joint  stout  elongate,  second  very  short.  Mandibles  with 
strong  tooth  near  the  apex. 

Thorax  with  the  side  margin  acute,  entire,  becoming  inferior  anteriorly;  pro- 
sternum  truncate  at  apex,  moderate  before  the  coxse,  which  are  separated  by  a  thin 
vertical  lamina  which  attains  the  mesosternum;  cavities  moderately  open. 

Intermediate  coxte  contiguous;  mesosternum  rather  long,  posterior  projection 
acute  between  the  coxae,  with  a  large,  round,  deep,  median  fovea;  metastemum  short, 
posterior  coxa  conical,  prominent,  contiguous. 

Abdomen  inflated,  segments  gradually  increasing  in  length  posteriorly. 

Legs  slender  and  moderate  in  length. 

Antenna;  and  legs  pubescent. 

This  genus  seems  best  placed  in  the  Xantholini  with  the  genus 
Hyptioma  "Casey  from  which  it  is  distinguishable  by  its  divergent  gular 
sutures,  narrow  neck,  capitate  antennae  and  foveate  mesosternum. 
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Ophiodmma  rufa»  new  species 

iForm  elongate,  parallel,  somewhat  ventricose.  Color  uniform  dull  rufous;  legs 
and  antennse  scarcely  paler.  Pubescence  short,  pale,  inconspicuous.  Head  and 
thorax  with  the  punctures  rather  fine,  separated  on  both  by  a  narrow  impunctate 
median  line;  punctures  without  arrangement,  more  dense  on  the  sides  of  the  head 
behind  the  eyes.  Punctures  on  the  elytra  coarser  and  more  distinct ,  slightly  rugulose. 
Abdomen  finely,  evenly,  rather  indistinctly  and  not  closely  punctate.  Head  behind 
the  antennse  about  one-fourth  wider  than  long;  eyes  small,  not  prominent,  at  more 
than  twice  their  diameters  from  the  base,  sides  nearly  straight,  slightly  divergent 
posteriorly,  posterior  angles  rather  narrowly  roimded;  base  truncate;  front  strongly 
narrowed  before  the  eyes;  antennse  separated  at  base  by  a  little  more  than  one-third 
the  width  of  the  bead.  Head  beneath  with  large,  widely  spaced,  perforate  punctures 
bearing  setae.  Antennae  reaching  the  middle  of  the  thorax;  first  joint  stout,  elongate; 
second  one-half  the  length  of  the  first,  as  long  as  wide,  equal  in  length  to  the  third  and 
stouter;  joints  four  to  eight  moniliform;  the  last  three  abruptly  slightly  larger;  nine 
and  ten  slightly  transverse;  eleven  scarcelj"^  as  long  as  the  two  preceding,  not  much 
longer  than  wide,  acutely  pointed.  Thorax  just  visibly  narrower  than  the  head; 
widest  at  the  apex  where  it  is  just  visibly  wider  than  long;  apex  arcuate,  anterior 
angles  cbtuse  but  distinct,  sides  nearly  straight  and  slightly  convergent  to  the 
broadly  rounded  posterior  angles;  base  scarcely  truncate,  distinctly  pedunculate. 
El3rtra  slightly  narrower  than  the  thorax  at  base,  as  wide  at  apex;  sides  straight, 
conjointly  about  one-fourth  wider  than  long;  suture  not  overlapping,  four-fifths  the 
length  of  the  thorax.  Abdomen  as  wide  as  the  elytra  at  base  with  the  sides  broadly 
arcuate,  widest  at  the  apex  of  the  third  segment  where  it  is  distinctly  wider  than  the 
head.  Anterior  tarsi  dilated  and  pubescent  beneath.  Posterior  tarsi  with  the  first 
joint  elongate,  as  long  as  the  next  two  and  also  as  the  terminal  joint;  joints  two  to  four 
of  equal  length.    Length,  2.3  mm.;  width,  .5  mm.    Two  specimens. 

Type  and  paratjrpe.  Punt  a  Gorda,  November  16,  sifting  debris  on  beach  of 
Charlotte  Harbor;    (Leng). 

This  species  resembles  the  smaller  Laihrohia,  but  seems  structurally 
related  to  the  Xantholini. 

CafiUB  bistriatus  (Erichson). 

Punta  Gorda,  November  11,  sifting  debris  on  shore  at  mouth  of 

Peace  River,  at  high-tide  mark,  November  12;  (Leng). 
Neobisnius  uxnbripennis  (LeConte). 

Enterprise,  October  12,  November  22.    Pebbly  Beach,  Jacksonville, 

May  9. 
Actobius  cinerascens  (Gravenhorst). 

Enterprise,  November  1  and  22,  December  12  and  14. 
Actobius  parous  Horn. 

Enterprise,  October  15. 
Philonthus  hepaticus  Erichson. 

Enterprise,  September  17  and  21,  October  1,  November  22.    Punta 

Gorda,  November  12,  sifting  debris  on  beach  of  the  Charlotte 

Harbor  at  high-water  mark;  (Leng). 
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Philonthus  flayolimbatus  Erichson. 

Enterprise,  September  17,  October  12. 
Philonthus  gopheri  Hubbard. 

Three  specimens  marked  **Fla."  and  three  Enterprise,  October  15, 

one  of  these  labeled  *' Gophers  Hole." 
Philonthus  alumnus  Erichson. 

Enterprise,  October  19,  November  22,  December  15.    Fort  Meyers, 

April  22;  Everglade,  April  9,  at  light;  (Grossbeck). 
Philonthus  fulvipes(Fabriciiis). 

Sanford,  May;  (Van  Duzee). 
Philonthus  lomatus  Erichson. 

Enterprise,  December  12  and  14.    Key  West. 
Belonuchus  formosus  (Gravenhorst). 

Three  specimens  in  which  the  head  and  thorax  are  entirely  red,  do 

not  differ  in  other  respects  from  those  typically  colored. 

Enterprise,  October  16,  December  12.    Cape  Sable.    New  River. 
Creophilus  maxillosus  var.  tUIosus  (Gravenhorst). 

Enterprise,  November  1.     Fort  Meyers,  April  26,  from  a  hog's 

head;  (Grossbeck). 
Tanygnathus  bicolor  Casey. 

De  Funiak  Springs,  October  17,  under  board;  (Mutchler). 
Acylophorus  pronus  Erichson. 

Enterprise,  December  14. 
Tachyporus  macropterus  Stephens. 

Enterprise,  September  14,  October  16  and  25,  November  22. 
Erchomus  yentriculus  (Say). 

Key  West. 
Erchomus  Isdyis  (LeConte). 

Dunedin,  January  15  (Blatchley).    Enterprise,  December  14. 
Conosoma  omatum  (Sharp). 

Two  specimens  agree  in  all  respects  with  the  description  of  the 

above  species,  with  the  exception   of  slight   differences  in  color 

which  Sharp  states  is  variable. 

Enterprise,  September  22. 
Conosoma  basalis  Erichson. 

Enterprise,  November  15  and  22. 
Conosoma  scriptus  (Horn). 

Enterprise,  November  20. 
Bryoporus  rufescens  Ix'Conte. 

Ortega,  near  Jackson v^ille,  November  3,  sifting  thin  leaf  covering, 

mainly  pine  needles,  of  sandy  soil;  (Leng). 
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Boletobius  pygmaus  (Fabricius). 

Pensacola,  October  13,  in  mushroom  fungus;  (Mutchler). 
DeinopsiB  myll»noideiB  Kraatz. 

Enterprise,  November  11. 

Mtllmka  Erichson 

The  following  synopsis  of  this  genus,  being  based  in  large  part  on 
descriptions  alone,  must  be  considered  somewhat  tentative.  European 
specimens  of  the  three  European  species  listed  from  North  America  are 
at  hand.  In  regard  to  Myllcena  minuta  Gravenhorst,  it  should  be  noted 
that  the  following  phrase  is  used  in  the  original  description:  "Coleoptra 
elytris  quadratis'';  and  that  in  the  preceding  description  of  Aleochara 
(Myllcena)  dubia  the  following  phrase  is  used:  **Coleoptra  elytris  lati- 
tudine  paulo  longioribus,  subquadratis"  (Gravenhorst,  Mon.  Col. 
Microp.,  pp.  174-176).  Erichson,  in  the  'Genera  et  Species  Staphy- 
linorum'  (pp.  209-211),  does  not  give  the  proportions  of  the  elytra; 
and  Ganglbauer,  in  the  *Kafer  von  Mittleleuropa,'  in  the  generic 
diagnosis,  states:  *'Die  Flugeldecken  so  lang  oder  kurzer  als  der  Hals- 
schild:"  in  Ms  descriptions  of  the  species  dubia  and  minuta^  he  states: 
**  Flugeldecken  so  lang  als  der  Halsschild."  In  specimens  of  five  Euro- 
pean species  sent  to  the  author,  including  those  noted,  the  elytra  are 
conjointly  distinctly  transverse. 

In  regard  to  Myllcena  vulpina  Bernhauer  it  should  be  noted  that  the 
original  description  (Deutsche  Ent.  Zeits.,  1907,  p.  381.)  states:  **Die 
Flugeldecken  langer  als  der  Halsschild.*'  Blatchley  in  the  *  Coleoptera  of 
Indiana,'  however,  states:  *The  elytra  as  wide  and  as  long  as  thorax.'* 
The  specimens  at  hand  identified  as  vulpina  Bernhauer  agree  with  Blatch- 
ley's  description  in  this  point. 

Because  of  the  excellence  of  ('ol.  (;)asey's  descriptions,  the  author 
feels  justified  in  offering  the  following  synopsis  as  an  aid  to  the  student  of 
this  somewhat  obscure  genus. 

1.     Elytra  not  distinctly  shorter  than  the  thorax 2. 

Elytra  distinctly  shorter  than  the  thorax;  suture  not  more  than  four-fifths  the 
length  of  the  latter 18. 

-2.     Antennffi  longer;  the  tenth  joint  one-half  or  more  longer  than  wide 3. 

Antenna*  shorter;  the  tenth  joint  at  most  one-fourth  longer  than  wide 11. 

3.     Thorax  narrow,  one-third  wider  than  long 4. 

Thorax  broader,  about  one-half  wider  than  long 6. 

Thorax    still    broader,    three-fifths    wider    than    long insipiens    Casey. 
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4.  Head  large,  three-fifths  the  width  of  the  thorax;  antennse  dark 5. 

Head  smaller,  one-half  the  width  of  the  thorax;  antenose  pale. 

vulpina  Bemhauer. 

5.  Posterior  angles  of  the  thorax  more  obtuse,  not  prominent ;  antenna  longer. 

intermedia  Erichson. 
Posterior  angles  of  the  thorax  prominent ;  antennae  shorter .  Juscipennis  Kraati. 

6.  Posterior  thoracic  angles  projecting  shghtly  posteriorly 7. 

Posterior  thoracic  angles  not  projecting  posteriorly procidua  Casey. 

7.  Size  larger;  more  than  2  mm.;  fifth  abdominal  segment  one-half  as  wide  as  the 

base 8. 

Size  small ;  1 .4-1.6  nmi.  Fifth  abdominal  segment  nearly  three-fom-ths  as  wide 
as  the  base.    Abdomen  less  narrowed  posteriorly arcana  Casey. 

8.  Thoracic  base  broadly  arcuate  and  sinuate  laterally 9. 

Thoracic  base  feebly  arcuate;  elytral  sinuses  large  and  deep 10. 

9.  Basal  angles  of  thorax  right;  elytral  sinuses  unusually  feeble,  .tnsomnts  Casey. 
Basal  angles  of  thorax  strongly  obtuse;  elytral  sinuses  deep . .  duftia  Gravenhorst. 

10.  Pubescence  uniform ;  eleventh  antennal  joint  much  shorter  than  the  two  preced- 

ing;   elytral  suture  nearly  as  long  as  the  thorax dissimtdans  Casey. 

Pubescence  not  imiform,  longer  erect  hairs  mixed  with  the  dense  decimibent 
pubescence;  eleventh  antennal  joint  nearly  as  long  as  the  two  precwling; 
elytral  suture  very  slightly  shorter  than  the  thorax mole^  Casey. 

11.  Head  small,  about  one-half  as  wide  as  the  thorax 12. 

Head  larger,  not  less  than  three-fifths  as  wide  as  the  thorax 14. 

12.  Thorax  narrower,  less  than  one-half  wider  than  long;  elytra  not  longer  than  the 

thorax 13. 

Thorax  broader,  three-fifths  wider  than  long;  elytra  longer  then  the  thorax. 

umbra  Casey. 

13.  Thorax  a  little  less  than  one-half  wider  than  long,  widest  a  little  behind  the 

middle;  sides  straight  thence  to  the  apex.    Abdomen  more  strongly  nar- 
rowed; fifth  segment  distinctly  less  than  one-half  the  width  of  the  base. 

currax,  new  species. 

Thorax  one-third  wider  than  long;   sides  evenly  arcuate  from  base  to  apex. 

Abdomen  less  narrowed;  fifth  segment  rather  more  than  one-half  the  width 

of  the  base minula  Gravenhorst. 

14.  Head  smaller,  three-fifths  the  width  of  the  thorax 15. 

Head  larger,  two-thirds  the  width  of  the  thorax;   surface  somewhat  shining, 

punctures  less  dense 17. 

15.  Thorax  narrow,  one-third  wider  than  long 16. 

Thorax  broader,  three-fifths  wider  than  long;  punctures  everywhere  very  dense. 

esurten*  Casey. 

16.  Posterior  thoracic  angles  rounded ;  antennal  joints  slightly  longer  than  wide. 

cuneala,  new  species. 
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Posterior  thoracic  angles  distinct;    antennal  joints  almost  wider  than  long. 

fenyesi  Bemhauer. 

17.  Thorax  with  sides  evenly  arcuate;  basal  angles  feebly  prominent  posteriorly. 

fnvola  Casey. 

Thorax  widest  behind  the  middle;    base  without  lateral  sinuations;    posterior 

angles  broadly  rounded obscuraia  Casey. 

18.  Thorax  more  transverse,  three-fifths  or  more  wider  than  long 19. 

Thorax  less  transverse,  not  much  more  than  one-half  wider  than  long 21. 

19.  Head  larger,  three  -fifths  as  wide  as  the  thorax 20. 

Head  smaller,  one-half  as  wide  as  the  thorax scohinella  Casey. 

^.     Elytra  shorter,  suture  two-thirds  the  length  of  the  thorax.    Abdomen  more 
narrowed;  fifth  segment  but  little  more  than  one-half  ajs  wide  as  the  base. 

Lustre   more  shining impeUcTis  Casey. 

Elytra  longer,  suture  four-fifths  the  length  of  the  thorax.  Abdomen  less  nar- 
rowed; fifth  segment  nearly  two-thirds  as  wide  as  the  base.    Lustre  duller. 

brevicoUis  Casey. 

21.  Antennse  more  elongate;  tenth  joint  one-half  or  more  longer  than  wide 22. 

Antennse  less  elongate;  tenth  joint  about  as  long  as  wide  or  slightly  wider  than 

long 25. 

22.  Head  small,  one-half  as  wide  as  the  thorax 23. 

Head  larger,  three-fifths  as  wide  as  the  thorax itnmunda  Casey. 

23.  Elytra  longer;  suture  about  four-fifths  as  long  as  the  thorax 24. 

Elytra  shorter;  suture  but  little  more  than  two-thirds  as  long  as  the  thorax. 

tfegeta  Casey. 

24.  Size  smaller,  2  nam.    Abdomen  less  narrowed;  fifth  segment  more  than  one-half 

as  wide  as  the  base;  angulation  of  the  sixth  segment  in  the  male  twice  as 

long.    Lustre  dull abdita  Casey. 

Size  larger,  2.55  mm.  Abdomen  more  narrowed;  fifth  segment  rather  less  than 
one-half  as  wide  as  the  base;  angulation  of  the  sixth  segment  in  the  male  a 
little  shorter  than  its  basal  width.    Lustre  more  shining. . .  .audax  Casey. 

25.  Punctuation  moderately  dense.    Thorax  with  the  base  slightly  sinuate  laterally. 

The  fifth  abdominal  segment  slightly  more  than  one-half  as  wide  as  the 

base 26. 

Punctuation  very  dense.  Thorax  with  the  base  not  sinuate  laterally.  The 
fifth  abdominal  segment  three-fifths  or  more  the  width  of  the  base 27. 

26.  Thorax  wider,  one-half  wider  than  long decreta  Casey. 

Thorax  narrower,  less  than  one-third  wider  than  long infuscaia  Kraatz. 

27.  Color  piceous-black.     Elytra  longer,  three-fourths  the  length  of  the  thorax. 

Vestiture  not  uniform;  longer  erect  hairs  mixed  with  the  decumbent  pubes- 
cence   ludificans  Casey. 

Color  paler  brown.  Elytra  shorter,  two-thirds  the  length  of  the  thorax.  Pubes- 
cence uniform brevivestis  Casev. 
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MyllflBDa  cuneata,  new  species 

Rather  slender,  moderately  convex,  somewhat  shining.  Color  piceous;  basal 
portions  of  the  five  basal  segments  blackish;  antennae  and  legs  slightly  paler.  Pubes- 
cence fine,  pale  decumbent  and  uniform.  Punctures  fine  and  dense.  Head  large, 
three-fifths  as  wide  as  the  thorax.  Antennae  ( cf)  moderately  long,  slightly  incrassate; 
the  outer  join's  about  one-fifth  longer  than  wide,  the  terminal  joint  wider,  acutely 
pointed,  not  as  long  as  the  two  preceding.  Thorax  slightly  less  than  one-third  wider 
than  long,  feebly  and  evenly  arcuate  from  base  to  apex;  base  scarcely  arcuate,  lateral 
sinuations  just  perceptible;  posterior  angles  obtuse  and  rather  broadly  roimded. 
Elytra  parallel,  distinctly  transverse,  equal  in  widih  to  the  thorax;  the  suture  very 
slightly  shorter,  the  lateral  sinuses  deep.  Abdomen  slightly  narrower  than  the  elytra, 
strongly  narrowed,  the  fifth  segment  scarcely  one-half  the  width  of  the  base,  the 
sixth  with  the  apical  angulation  in  the  male  broader  than  long;  the  apex  strongly 
rounded.    Leng  h,  1.6-1.75  nun.;  width,  4.5  nun.  c?*,  9 .    Fifteen  specimens. 

Type  male  and  allotype  female,  labeled  "Fla."  Paratypes:  3  labeled  "Fla." 
3  Enterprise,  November  19  and  December  12.  Other  specimens.  Enterprise,  No- 
vember 22. 

MyllflBna  curraz,  new  species 

Not  stout,  moderately  convex,  somewhat  shining.  Color  piceous,  basal  portions 
of  the  five  basal  segments  of  the  abdomen  blackish;  antennae  and  legs  scarcely  paler; 
pubescence  and  punctuation  as  in  the  preceding.  Head  one-half  as  wide  as  the  thorax. 
Antennae  9 )  distinctly  thicker  than  in  the  preceding;  joints  less  elongate;  the  tenth 
very  slightly  longer  than  wide;  eleventh  about  as  long  as  the  preceding  two.  Thorax 
slightly  less  than  one-half  wider  than  long,  widest  a  little  behind  the  middle,  sides 
thence  straighter  and  rather  strongly  convergent  to  the  apex,  slightly  convergent  to 
the  posterior  angles  which  are  obtuse  but  very  distinct;  base  as  in  the  preceding. 
Ely  ra  parallel,  transverse,  as  wide  as  the  thorax;  the  suture  about  as  long  as  the 
thorax;  the  apical  sinuses  deep.  Abdomen  as  in  the  preceding  but  with  the  apical 
angulation  of  the  sixth  segment  broader,  nearly  twice  as  wide  as  long.  Length,  2  mm. ; 
width,  .5  mm.     9  .    One  specimen. 

Type,  Enterprise,  December  12. 

Myllsdna  infuscata  Kraatz. 

One  specimen  labeled  '  Tla.*' 
Oligota  parva  Kraatz. 

Enterprise,  September  22,  October  5  and  19. 

Group  SiLua« 
Dr.  Fenyes  places  ten  genera  in  this  group  (Gen.  Ins.,  Fasc.  173A, 
p.  7).  The  following  synopsis  of  these  genera  is  constructed  from  the 
descriptions.  Several  of  them  do  not  mention  certain  characters  of 
importance.  The  synopsis  is  therefore  conjectural  in  certain  points. 
Kiesenwetter  does  not  state  the  proportions  of  the  ligula  in  relation  to  the 
first  joint  of  the  labial  palpi  in  Halmceusa,    Bernhauer  does  not  give  the 
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proportions  of  the  tarsal  joints  in  Parasilusa  nor  are  they  given  in  the 
descriptions  of  Pectusa,  Eudiestota  and  Eusipalia.  In  Diestotay  Rey 
States  that  the  end  joint  is  equal  in  length  to  the  three  preceding.  It 
seems  a  fair  inference  to  suppase  that  the  proportions  are  normal  in 
those  genera  in  which  they  are  not  given.  The  genera  in  the  last  section 
cannot  be  satisfactorily  separated  with  the  characters  given.  In  Para- 
silii^a  the  Ugula  is  said  to  be  divided  to  the  middle,  but  the  prosternum  is 
not  described.  The  Ugula  is  not  mentioned  in  the  others.  Notwith- 
standing these  defects  sufficient  daki  is  given  to  show  the  relationships 
of  the  proposed  genus. 

1.  Mesos'emum  acute  at  apex;  middle  coxse  narrowly  separated 2. 

Mesostemum  broad  between  the  coxse;  truncate  or  slightly  rounded  at  apex . .  5. 

2.  Ligula  entire 3. 

Ligula  bifid  at  apex Schistacmet  new  genus. 

3.  Ligula  less  elongate,  not  surpassing  the  first  joint  of  the  labial  palpi 4. 

Ligula  very  elongate,  surpassing  the  first  joint  of  the  labial  palpi. 

Linoglossa  Kraatz. 

4.  Last  joint  of  the  maxillary  palpi  one-half  longer  than  the  penultimate. 

HalmoBusa  Kiesenwetter. 
Last  joint  of  the  maxillary  palpi  equal  in  length  to  the  penultimate. 

SUusa  Erichson, 

5.  Terminal  joint  of  the  intermediate  tarsi  longer  than  the  three  preceding 

united 6. 

Terminal  joint  of  the  intermediate  tarsi  not  longer  than  the  three  preceding 
united 8. 

6.  Prosternum  simple;  mesostemum  extending  to  the  middle  of  the  coxse 7. 

Prosternum  carinate;   mesostemal  process  extending  to  two-thirds  the  length 

of  the  coxae;    infralateral  carina  dis'inct Tomoxelia  Bemhauer. 

7.  Abdominal  segments  strongly  impressed;  fourth  and  fifth  of  equal  leng'h;  infra- 

lateral  carinae  very  indistinct Apfieloglossa  Casey.* 

First  three  abdominal  segments  finely  and  very  feebly  impressed;  fifih  much 
shorter  than  the  fourth ;  infralateral  carinse  fine  bu^  entire . .  Pectusa  Casey.* 

8.  Prosternum  simple 9. 

Prosternum  compresso-carinate Eudiestota  Sharp^ 

9.  Metastemum  not  foveolate 10. 

Metastemum  between  the  intermediate  coxse  foveolate Eusipalia  Sharp. 

10.     Ligula  divided  to  the  middle Parasilusa  Bemhauer. 

Ligula  entire.    Antennse  with  joints  six  to  ten  very  strongly  transverse,  almost 
perfoliate.     Head  exserted Diestota  Rey. 

»Col.  Casey  supplies  the  following  concerning  the  genera  Apheloglossa  and  Pectusa:  "In  Aphelo- 
glossa  the  prosternum  is  not  carinate.  In  Pectusa  the  last  joint  of  the  middle  tarsi  is  longer  than  the 
first  three  combined  by  about  a  third.  The  prosternum  is  not  carinate  and  the  ligula  is  apparently 
entire  and  rather  pointed . " 
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8cHiSTACMB»  new  genus 

Maxillse  elongate,  not  very  narrow;  the  inner  lobe  about  three  times  as  long  as 
wide,  widest  at  two-thirds  its  length,  very  slightly  narrowed  to  base,  strongly  nar- 
rowed to  apex  which  bears  a  narrow  acute  tooth  projecting  inward;  the  apical 
third  of  the  inner  edge  carries  about  ten,  long,  bristle-like  teeth;  the  outer  lobe  b 
slightly  longer  than  the  inner  but  no  thicker,  the  apex  is  bluntly  rounded  and  ciliate 
for  about  one-quarter  of  its  length;  the  lobe  is  slightly  bent  at  apical  third. 

Maxillary  palpi  four  jointed;  the  second  and  third  joints  are  subequal  in  length, 
not  very  incrassate;  the  third  is  about  twice  as  wide  as  long,  a  little  wider  than  the 
second,  and  strongly  narrowed  in  less  than  basal  third;  the  very  narrow  subulate 
fourth  joint  is  about  one-half  the  length  of  the  third. 

Mandibles  broad  at  base,  apex  rather  long,  narrow  and  strongly  bent,  the  inner 
edge  obtusely  angulate  near  the  base  and  finely  serrate  from  a  little  before  the  angu- 
lation to  the  apical  tooth;  the  teeth  become  gradually  less  distinct  toward  the  apex. 
(There  is  a  deep  fissure  in  the  inner  edge  of  the  left  mandible  at  the  base  of  the  apical 
tooth  giving  it  the  appearance  of  an  appendiculate  tarsal  claw.  The  figure  is  ap- 
parently lacking  in  the  right  mandible.) 

Ligula  moderately  elongate,  narrow,  bifid  at  apex;  paraglossia  not  apparent. 

Labial  palpi  two  jointed;  joints  of  equal  length,  elongate,  first  joint  surpassing 
the  ligula. 

Mentum  broad,  truncate  at  apex,  slightly  narrowed  in  front. 

Infralateral  carinse  strong,  entire. 

Labrum  short,  twice  as  wide  as  long,  truncate,  with  a  small  rather  shallow  median 
notch. 

Prostemum  broadly  angulate  posteriorly  with  a  small  acute  point  at  middle  and 
a  strong  median  carina. 

Mesostemum  simple;  intermediate  coxae  narrowly  separated,  projection  long 
and  acute,  more  than  two-thirds  the  length  of  the  coxae,  fitting  over  the  met  asternal 
projection  which  is  also  acute. 

Coxal  cavities  rather  small,  marginal  bead  entire. 

'Last  joint  of  the  intermediate  tarsi  not  quite  as  long  as  the  three  preceding;  baaal 
joints  of  the  posterior  tarsi  elongate,  decreasing  gradually  in  length;  first  shorter 
than  the  next  two. 

Tibiae  setose. 

Antennae  short,  strongly  incrassate. 

SchiBtacme  obtusa,  new  species 
Plate  XXXIX,  Figure  1 
Form  moderately  stout,  slightly  convex.  Color  pale  rufo-testaceous.  Rather 
shining.  Punctuation  and  pubescence  coarse,  not  at  all  close;  punctures  on  the 
head  umbilicate,  elsewhere  asperate,  less  numerous  on  the  fifth  segment,  surface 
alutaceous  throughout.  Head  rather  large,  transverse,  a  little  more  than  one-half 
the  width  of  the  thorax,  slightly  wider  than  the  thorax  at  apex;  eyes  moderate,  not 
projecting,  distant  from  the  base  a  little  less  than  their  own  diameters.  Antennae 
not  as  long  as  the  head  and  thorax;  first  joint  stout,  oval,  one-third  longer  than  wide; 
second  and  third  elongate,  twice  as  long  as  wide,  obconic,  third  a  little  shorter  and 
more  slender  than  the  second;  fourth  globular,  fifth  one-half  wider;  sixth  two-thirds 
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wider,  tenth  twice  as  wide  as  long.  Terminal  joint  conical,  apex  obtusely  rounded, 
nearly  as  long  as  the  preceding  three.  Antennae  not  conspicuously  setose.  Thorax 
three-fifths  wider  than  long,  just  perceptibly  wider  than  the  elytra,  rather  convex, 
without  impressions,  narrowed  anteriorly,  sides  evenly  and  rather  strongly  arcuate, 
base  broadly  arcuate  and  feebly  sinuate  laterally;  j)osterior  angles  obtuse,  broadly 
rounded.  Elytra  parallel,  transverse,  conjointly  one-half  wider  than  long;  the 
suture  sUghtly  shorter  than  the  thorax,  apex  very  feebly  emarginate,  apical  sinuses 
moderately  deep.  Abdomen  very  slightly  narrower  than  the  elytra,  moderately 
narrowed  posteriorly,  fifth  segment  three-fourths  the  width  of  the  base;  three  basal 
segments  with  feeble  transverse  impressions.  I^ength,  1.5  mm.;  width,  .45  mm. 
Eleven  specimens,    cf ,  9  . 

Male. — Sixth  dorsal  segment  of  the  abdomen  broadly  biemarginate,  tricusped; 
sixth  ventral  with  a  strong  median  triangular  projection  one-third  the  width  of  the 
segment,  at  base  a  little  broader  than  long,  apex  rounded  with  a  few  closely  placed 
hairs. 

Female. — Sixth  dorsal  segment  of  the  abdomen  with  a  ver>'  broad  median 
emargination,  four  times  as  broad  as  deep. 

Type  male,  labeled  ^'Fla.'*;  allotype  female,  Enterprise,  November  15.  Nine 
paratypes:  6  Enterprise,  November,  15,  "bark";  3  labeled  "Fla." 

Enterprise,  November  15,  **bark% 
Thecturota  fracta  Casey. 

Enterprise,  September  14,  October  15;  November  15,  December  12, 

^'rubbish." 
Thecturota  nevadica  Casey. 

Enterprise,  November  22. 

It  is  surprising  to  find  specimens  of  the  above  two  species  of  Thec- 
turota described  from  Arizona  and  Nevada  respectively,  in  Florida 
material,  but  the  descriptions  fit  so  perfectly  that  identification  seems 
certain. 

Group  BOLlTOCHARiB 

1 .  Infralateral  carina)  of  the  head  lacking  or  very  incomplete 2. 

Infralateral  carinas  of  the  head  present  and  entire 3. 

2.  Size  larger;   mesosternum  carinate Bolitochara  Mannerheim. 

Size  very  small;   mesosternum  not  carinate Caloderina  Ganglbauer. 

3.  Mesosternum  not  or  incompletely  carinate 4. 

Mesosternum  carinate;    carina  entire Ditropalia  Casey. 

4.  Head  feebly  narrowed  posteriorly 5. 

Head  strongly  narrowed  posteriorly Gastrophcena  Fauvel. 

5.  Mesostemal  projection  broad  anteriorly,  rapidly  narrowed,  its  apex  narrowly 

rounded  or  subacute,  free  and  separated  from  the  metastemal  projection 
by  a  considerable  longitudinal  discontinuity;  basal  joint  of  the  hind  tarsi 

scarcely  as  long  as  the  next  two  combined Phymatura  Sahlberg 

Mesosternal  process  longer,  narrow  and  more  parallel,  free  and  rounded  at  tip, 
virtually  attaining  the  apex  of  the  metastemal  projection;  basal  joint  of 
the  hind  tarsi  fully  as  along  as  the  next  two  combined. . .  .Sihisida  Ca.sey. 
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S1LU8IDA  Casey 

SiluBida  tenuicomis,  new  species 

Plate  XXXIX,  Figure  10 

Form  very  moderately  stout,  scarcely  convex.  Color  pale  rufo-testaceous;  outo* 
joints  of  the  antennae  infuscate;  elytra  and  fourth  abdominal  segment  blackish; 
elytral  humeri  and  basal  segments  of  the  abdomen  paler,  testaceous.  Punctuation 
mbdera'ely  fine,  disiinct,  rather  close;  abdomen  more  shining,  pimctuation  scarcely 
discernible.  Pubescence  fine,  not  conspicuous.  Head  transverse,  nearly  one-half 
wider  than  long,  about  four-fifths  the  width  of  the  thorax;  eyes  rather  large  but  not 
prominent;  gense  two-thirds  the  length  of  the  eye,  moderately  convergent,  neck  very 
broad;  infralateral  carinse  strong,  entire.  Ligula  elongate,  deeply  bifid  at  apex. 
Labial  palpi  three-jointed,  second  joint  shorter.  Antenme  rather  long  and  slender, 
gradually  very  moderately  incrassate  distaUy;  second  and  third  joints  of  equal 
leng  h;  second  twice  as  long  as  wide,  th'rd  slightly  more  slender;  fourth,  fifth  and 
seventh  as  long  as  wide;  sixth  shghtly  elongate;  eighth  to  tenth  just  visibly  trans- 
verse, strongly  obconic.  Terminal  joint  long  oval,  as  long  as  the  three  preceding. 
Thorax  two-'. birds  wider  than  long,  slightly  narrower  than  the  elytra,  widest  a  midd'e, 
sides  feebly  convergent  and  arcuate  in  front,  straight  and  slightly  less  convergent  to 
the  posterior  angles  which  are  very  obtuse  but  distinct;  base  broadly  rounded; 
hypomera  visible  from  the  side.  Elytra  slightly  divergent,  slightly  more  transveree 
than  the  1  borax ;  sut ure  slight  ly  longer  t  ban  t  he  t  borax.  First  and  second  abdominal 
segments  strongly  transversely  impressed;  third  less  so.  Intermediate  coxae  rather 
broadly  separated;  mesos  emal  projection  short,  not  reaching  the  middle  of  the  cox», 
broadly  rounded  at  apex,  separated  from  the  metas*emal  projection  which  is  narrower 
and  more  acute.  Four  basal  joints  of  the  posterior  tarsi  elongate,  equal  in  length. 
Terminal  joint  as  long  as  the  preceding  three.  Length,  2  mm. ;  width,  .7  mm.  Two 
specimens.    cT,  9. 

Male. — Six*h  dorsal  abdominal  segment  deeply  emarginate  either  side,  the 
median  projection  between  the  emarginations  one-third  wider  than  long,  rectangular, 
broadly  and  feebly  emarginate  at  apex  wit  h  a  small  toot  h  at  the  center  of  t  he  emargina- 
tion;  apical  angles  of  the  projection  rounded  and  strongly  thickened.  Outer 
angles  of  the  lateral  emarginations  produced  inwards  as  strong  teeth  which  par'ially 
enclose  t he  emarginations.  Side  margins  of  the  segments  with  a  small  terminal  tooth. 
Ventral  segments  unmodified. 

Female. — Without  modifications. 

Type  male,  labeled  "Fla."    Allotype,  female,  Enterprise,  September  14. 

This  species  is  very  distinct  by  reason  of  the  structure  of  the  anten- 
nae, hind  tarsi,  and  the  pecuUar  male  abdominal  modifications.  Th^e 
differences  do  not  seem  quite  sufficient,  however,  to  demand  the  erection 
of  a  new  genus. 

Elachistarthronini,  new  tribe 
This  new  tribe  is  erected  to  contain  the  two  new  genera  Elachistar' 
thron  and  Orthodiatelus  here  described.  It  is  characterized  by  the  tarsal 
formula  4-4-5,  eleven-jointed  antennae,  four-jointed  maxillary  palpi, 
and  one-jointed  labial  palpi.  The  two  genera  may  be  separated  as 
follows. 
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1.  Intermesocoxal  projections  rounded  at  apex;  the  meta,  distinctly  narrower  than 

the  meso;     terminal  joint  of  the  intermediate  tarsi  as  long  as  the  three 
preceding E'achistarthranj  new  genus. 

2.  Intermesocoxal  projections  wider,  subequal  in  width,  their  apices  contiguous  on  a 

straight  transverse  suture;   terminal  joint  of  the  intermediate  tarsi  very 
distinctly  longer  than  the  three  preceding Orthodiatelxts,  new  genus 

Elachibtabthbon,  new  genas 

MaxiQse  moderately  elongate,  lobes  rather  less  than  three  times  as  long  as  wide 
of  equal  leng'h,  outer  lobe  entirely  membranous,  inner  lobe  obliquely  tnmcate  in 
apical  two-fifths;  digitus  short  and  inconspicuous;  a  longer  and  more  prominent 
tooth  at  basal  end  of  the  tnmcature;  edge  of  the  tnmcature  with  very  short  bristle- 
like teeth,  a  few  long  bristle-like  setae  below  the  tnmcature,  both  lobes  s'raight. 

Maxillary  palpi  four-jointed,  second  and  third  joints  strongly  incrassa'e,  sub- 
equal  in  leng.h,  the  third  slightly  thicker,  suboval,  twice  as  long  as  wide.  Terminal 
joint  subula'.e  but  unusually  long  and  thick,  slightly  more  than  one-half  the  length 
of  the  third. 

Ligula  small  slender,  briefly  divided  at  apex. 

Labial  palpi  one-jointed,  long,  slender,  parallel;  apex  rounded. 

Mandibles  much  broadened  at  base,  apex  strongly  curved,  acuminate,  inner  edge 
with  a  minute  tooth  about  two-fifths  from  the  apex. 

Mentum  large,  trapezoidal,  about  one-third  wider  than  long,  apex  three-fifths 
the  width  of  the  base,  feebly  emarginate,  angles  roimded,  bilaterally  impressed. 

Eyes  large,  moderately  prominent;  tempora  short,  inconspicuous,  one-half  the 
diameter  of  the  eyes.  Infralateral  carin«e  strong,  entire;  gular  sutiu*es  widely  sepa- 
rated, diverging  'o  the  base. 

Antennse  short,  graduaUy  moderately  incrassate;  third  joint  shorter  than  the 
second. 

Pros*emimi  very  short;  projection  broadly  triangular.  Intermediate  cox» 
rather  widely  separated,  mesos'emal  projection  about  two-fifths  the  leng'h  of  the 
coxse,  broadly  rounded  at  apex,  almost  contiguous  with  the  metasternal  projection 
which  is  longer  and  somewhat  narrower,  also  rounded  at  the  apex. 

Thoracic  hypomera  visible  from  the  side.    Metepistema  narrow,  parallel. 

Legs  moderately  long,  basal  tarsal  join's  subequal.  Terminal  joint  equal  in 
length  to  the  preceding  three. 

ElachiBtarthron  ambiguum,  new  species 
Plate  XXXIX,  Figures  2  and  7 
Form  moderately  elongate,  subparallel,  subdepressed.  Color  brownish  testace- 
ous; thorax  and  abdomen  slightly  paler,  tinged  with  rufous.  Moderately  shining, 
surface  finely  reticulate,  punctures  on  head,  thorax  and  elytra  modera'ely  coarse  and 
rather  dense;  abdomen  much  more  shining,  surface  with  fine,  sparse  and  indistinct 
pimctures;  pubescence  rather  long,  decumbent  and  conspicuous  throughout.  Head 
moderately  transverse,  nearly  one-third  wider  than  long,  as  wide  as  or  slightly  wider 
than  the  thorax;  tempora  slightly  convergent;  front  convex.  AntennsB  as  long  as 
the  head  and  thorax;  first  joint,  oval,  twice  as  long  as  wide,  slightly  thicker  but  no 
longer  than  the  second  which  is  more  obconic;   third  one-fourth  shorter  than  the 
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second;  fourth  as  long  as  wide;  fifth  to  tenth  gradually  more  transverse;  tenth  more 
than  twice  as  wide  as  long.  Terminal  joint  as  long  as  the  three  preceding,  oval,  apex 
very  broadly  rounded.  Thorax  four-fifths  the  width  of  the  elytra,  three-fifths  wider 
than  long,  widest  at  apical  third,  ver>'  feebly  arcuate  anteriorly  and  straight  pos- 
teriorly to  the  posterior  angles  which  are  very  obtuse  but  distinct;  base  feebly  and 
somewhat  angularly  arcuate,  a  narrow  and  rather  feeble  transverse  impression  before 
the  scutellum.  Elytra  conjointly  alK)ut  one-fourth  wider  than  long,  suture  nearly 
one-half  longer  than  the  thorax,  sides  parallel,  apex  not  emarginate,  sinuses  not  evi- 
dent. Abdomen  narrower  than  the  el>'tra  at  base,  sides  very  broadly  and  evenly 
arcuate,  fifth  segment  distinctly  longer  than  the  others,  three  basal  segments  with 
strong  transverse  impressions,  that  on  the  fourth  feeble.  No  sexual  differences 
noted.    Length,  1.4-1.6  mm.;  width,  .4  mm.    Eight  specimens. 

Type  and  paratypes,  labeled  "Fla.,"  except  one  paratype  labeled  Enterprise, 
December  12. 

Obthodiatblub,  new  genus 

Maxilla;  with  the  lobes  rather  long  and  slender,  well  separated;  outer  lobe  mem- 
branous, slightly  longer  than  the  inner,  ciliate  at  apex;  inner  lobe  about  four  times 
as  long  as  wide,  evenly,  arcuately  narrower  from  base  to  apex,  digitus  very  small, 
inner  edge  with  short  teeth  on  apical  third,  a  few  long  cilia  below. 

Maxillar>'  palpi  four-jointed,  second  and  third  joints  rather  short.,  moderately 
incrassate,  third  thicker,  subulate  fourth  joint  two-thirds  as  long  as  the  third.  Labial 
palpi  very  long,  slender,  lin?ar,  on^-join'ed. 

Ligula  bifid  at  apex,  moderately  long,  slender,  linear. 

Mentum  trapezoidal,  al)out  one-third  wider  than  long;  apex  two-thirds  the 
width  of  the  base,  feebly  circularly  emarginate,  strongly  rugose  at  base. 

Eyes  large,  convex;  tempora  short  convergent;  infralateral  carina?  strong,  entire; 
gular  sutures  rather  widely  separated,  very  slightly  divergent  to  the  base,  sinuate. 

Antenna*  rather  short,  rather  gradually  and  strongly  incrassate  distally;  third 
joint  scarcely  shorter  but  more  slender  than  the  second,  outer  joints  transverse. 

Prosternum  verv  short,  simple.  Intermediate  coxsb  widely  separated;  inter- 
niescM'Oxal  processes  equal  in  width,  contiguous  in  a  straight  transverse  suture  at 
about  the  middle  of  the  coxa;. 

Thoracic hjpomcra  visible  from  the  side  throughout  their  length.  Metepistema 
parallel. 

Tarsi  with  the  basal  joints  of  subequal  length;  terminal  joint  of  the  intermediate 
tarsi  very  distinctly  longer  than  the  preceding  three. 

Orthodiatelus  innotabiliB,  new  specieir 
Plate  XXXIX,  Figures  3,  9,  and  11 
Form  slender,  parallel,  subdepressed.  Color  piceous  brown,  apical  abdominal 
segments  gradually  blackish;  basal  antennal  joints  and  legs  paler.  Integuments 
rather  closely  and  distinctly  micro-reticulate.  Head,  thorax,  and  elytra  distinctly 
and  rather  densely  punctate;  head  slightly  less  densely;  punctm-es  on  the  abdomen 
very  sparse;  pubescence  moderate  in  length  and  coarseness;  abdomen  with  longer 
and  more  bristle-like  hairs;  lustre  rather  dull  throughout.  Head  about  one-third 
wider  than  long,  slightly  narrower  than  the  base  of  the  thorax;  eyes  large  moderately 
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convex,  tempera  convergent,  about  one-half  the  diameter  of  the  eyes  Antenna* 
as  long  as  the  head  and  thorax;  first  joint  slightly  thicker,  elongate;  fourth  joint 
very  slightly  transverse;  outer  joints  gradually  more  transverse;  tenth  joint  twice 
as  wide  as  long;  terminal  joint  wider,  conical,  apex  rather  blunt,  longer  than  the 
preceding  two.  Thorax  four-fifths  the  width  of  the  elytra,  two-thirds  wider  than  long, 
widest  at  the  middle,  apex  distinctly  narrower  than  the  base;  sides  anteriorly  feebly 
arcuate,  posteriorly  nearly  straight  and  subparallel,  base  rounded,  indistinctly  sinuate 
laterally;  j)osterior  angles  obtuse  but  distinct,  disk  convex,  very  faintly  impressed 
before  the  scutellum.  Elytra  conjointly  nearly  one-third  wider  than  long,  suture 
about  one-fourth  longer  than  the  thorax,  sides  parallel,  apex  not  emarginate,  sinuses 
very  feeble.  Abdomen  slightly  narrower  than  the  elytra  at  base,  subparallel  to  the 
apex  of  the  fourth  segment;  fifth  segment  with  the  sides  slightly  converging;  three 
basal  segments  with  strong  transverse  impressions,  that  on  the  fourth  less  distinct. 
Length,  1.8-2  mm.;  width,  .5  mm.    cf.    Two  specimens. 

Male. — Sixth  dorsal  abdominal  segment  with  six  large  paraUel-sided,  round- 
ended  teeth  on  the  middle  of  the  apical  margin,  separated  by  a  longer  interval  from  a 
longer  and  more  acute  lateral  tooth. 

Female. — Unknown. 

Tyt)e,  Enterprise,  October  12.    Paratype,  labeled  "Fla." 

The  two  genera  Elachutarthron  and  Orthodiatelus  are  closely  re- 
lated to  each  other  and  probably  to  the  genera  Amenusa  Casey,  Pectusa 
Casey,  and  Diestota  Rey.  (>asey  states  that  the  head  is  exserted  in 
Diestota  mayeti  Rey,  the  type  species  of  that  genus,  and  that  the  species 
is  intermediate  in  its  characters  between  the  Gyrophaense  and  the  Boli- 
tocharse  (Trans.  Acad.  Sci.  St.  Louis,  1906,  p.  279).  The  fonn  of  the 
intermesocoxal  parts  in  Elachistarthron  separates  it  from  the  other  genera 
named.  Pectusa  Casey  differs  from  Orthodiatelus  in  the  fine  and  feeble 
impressions  of  the  basal  abdominal  segments,  these  impressions  being 
confined  to  the  first  three  only.  This  is  also  a  characteristic  of  Amenusa. 
In  Pectusa  the  fifth  abdominal  segment  is  much  shorter  than  the  fourth, 
but  in  Amenusa  and  Orthodiatelus  these  two  segments  are  of  equal  length. 
In  Pectusa  and  Amenusa  the  infralateral  carinae  are  very  fine  or  even 
obsolescent;  in  Orthodiatelus  they  are  rather  coarse  and  entire. 

Sharp  has  described  a  number  of  species  from  Mexico  and  Central 
America  which  he  assigns  to  the  genus  Diestota.  Casey,  in  the  passage 
cited  above,  expresses  doubt  as  to  Sharp's  correctness  in  so  assigning 
them.  Of  these  species  one  has  the  same  rather  striking  male  modifica- 
tions of  the  sixth  abdominal  segment  found  in  Orthodiatelus.  This 
species,  D.  laiicomis  (Biol.  Cen.  Amer.,  I,  part  2,  p.  248),  which  seems 
to  differ  somewhat  distinctly  from  the  others,  may  prove  to  be  congeneric 
with  Orthodiatelus  innotabilis.  It  is  described  as  a  short  species  of  fine 
and  feeble  punctuation  and  pubescence,  probably  strongly  shining,  since 
it  is  said  to  resemble  Atheta  testaceipes  Heer.  It  is  black  in  color  with 
pale  elytra.    The  third  joint  of  the  antennae  is  said  to  be  short. 
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Elachistarthron  ambiguum  and  Orthodiatelus  innotabilts  resemble 
each  other  very  closely  in  form.  They  have  a  strong  athetid  facies  and 
would  be  taken  for  members  of  that  genus,  They  resemble  A,  coriaria 
Kraatz  but  are  quite  distinctly  more  slender  and  parallel. 

The  ligula  in  these  two  species  is  apparently  like  that  of  the  Boli- 
tochane  being  bifid  at  apex.    The  labial  palpi  have  been  examined  under " 
quite  favorable  circumstances  and  it  seems  to  the  author  that  it  would 
be  hyperinferential  to  caU  them  other  than  one-jointed. 
Eumicrota  corruscula  (Erichson). 

Enterprise,  October  23. 

Bumicrota  anomala,  new  species 
Plate  XXXIX,  Figure  8 

Form  very  short  and  broad.  Color  very  dark  piceous;  antennse,  mouth-i^arts 
and  legs  pale  testaceous;  abdomen  black.  Integumen's  modera'ely  shining,  micro- 
reticulate.  Head  and  thorax  moderately  closely  but  very  indis  inc  ly  punc'ate; 
elytral  punctures  distinct  but  not  more  dense.  Head  one-half  wider  than  long;  eyes 
modera'ely  large;  tempora  not  apparent.  Maxillse  modera'e  in  leng  h,  ou  er  lobe 
membranous,  elongate,  not  wider  at  base,  about  three  times  as  long  as  wide,  inner 
lobe  rather  broadly  oval,  inner  edge  arcua'e  from  base  to  apex,  digi  us  not  dis  inct, 
thickly  set  with  minute  spines  from  basal  third  to  apex.  Maxillary  palpi  four-join'ed, 
second  and  third  joints  subequal,  third  strongly  incrassa'e,  second  feebly  incrassa'e; 
subulate  terminal  joint  long  and  rather  thick,  about  two-thirds  the  leng  h  of  the  third. 
Ligula  short  and  broad,  shorter  than  the  first  joint  of  the  labial  palpi,  rounded  at 
apex.  Labial  palpi  two-jointed,  joints  elongate,  second  joint  two-thirds  the  leng  h  of 
the  first  and  dis  inctly  more  slender;  join's  even  in  thickness.  Men'um  largp, 
slightly  transverse,  narrowed  in  front,  apex  broadly  bilobed.  Antennse  as  long  as  the 
head  and  thorax;  first  joint  elongate,  sligh'ly  incrassa'e;  second  'wo-'  birds  the  leng  h 
of  the  first  and  slightly  more  slender;  third  two-thirds  the  leng'h  of  the  second  and 
about  one-half  as  wide;  fourth  globular,  slighly  wider;  fifih  to  ten' h  very  gradually 
wider,  fiflh  just  perceptibly  transverse,  tenth  about  one-third  wider  than  long. 
Terminal  joint  conical,  modera'ely  acu'e  at  apex,  as  long  as  the  preceding  two. 
Thorax  slightly  wider  than  the  head,  twice  as  wide  as  long,  slighly  narrowed  in  front, 
base  broadly  arcuate  and  la*erally  8inua*e.  Ely'ra  sligh'ly  wider  than  the  thorax, 
one-half  wider  than  long,  slightly  divergent  pos  eriorly,  suture  as  'ong  as  the  thorax. 
Abdomen  slightly  narrower  than  the  elytra  at  base,  modera'ely  narrowed  pos  erioriy. 
Intermediate  coxae  widely  separated,  meso-  and  me'as'emum  solidly  imi'ed  be'ween 
them,  the  suture  straight  and  transverse,  a  little  beh  nd  the  middle.  Basal  joint  of 
the  in*ermed'a*e  tarsi  slightly  longer  than  the  following,  terminal  as  long  as  the  three 
preceding;  four  basal  joints  of  the  posterior  tarsi  subequal  in  leng  h,  terminal  joint 
equal  to  the  two  preceding.  No  sexual  difi'erence  is  observable  in  the  specimens  at 
hand  and  they  are  probably  all  females.  Length,  1  nun.;  widlh,  .4  mm.  Sixteen 
specimens. 

Type  and  nine  paratypes,  Monticello,  eas'em  arm  of  Lake  Micesoukee,  October 
8,  in  fungus;   (Mutchler). 

Other  specimens  from  the  type  locality  and  one  from  Enterprise,  November  12. 
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Eumicrota  insolita,  new  species 

Resembles  the  preceding,  may  be  distinguished  by  i's  slightly  less  transverse 
thorax,  less  narrowed  an  eriorly,  antennse  s  ou'er,  four.h  joint  slighlly  transverse, 
feebler  and  sparser  punctuation;  abdomen  less  narrowed  posteriorly  and  generally 
paler  coloral ion.    Leng  h,  .9-1.4  mm.;  width,  .3-4  mm.    Thir!een  specimens. 

Type,  labeled  "Fla."  Five  para'ypes:  3,  labeled  "Fla.";  2,  Monticello, 
eastern  arm  of  Lake  Micesoukee,  October  8,  in  fungus;  (Mutchler).  One,  Enter- 
prise, September  12.    Other  specimens  Enterprise,  September  20,  November  20. 

These  two  species  on  account  of  their  antennal  structure  would  not 
be  included  in  Eumicrota  as  defined  by  Col.  Casey.    They  do  not  seem 
distindb  enough  in  other  respects  to  require  more  than  a  section  of  the 
genus. 
Oyrophnna  floridana  (Casey). 

Enterprise,  September  11  and  24,  October  16.  Pensacola,  October 

13  and  14,  in  fungus,  Monticello,  October  5,  on  horse  skeleton; 

(Mutchler). 
Oyrophssna  Intula  Casey. 

Monticello,  October  5,  on  horse  skeleton;  (Mutchler). 

Tribe  Hoplandriini 
In  volume  I  of  his  Memoirs,  p.  174,  Col.  Casey  makes  the  following 
statement:  (Hoplandria)  **pulchra  Kr.,  does  not  seem  to  be  strictly 
congeneric  with  ochracea,  if  the  sexual  characters  are  correctly  described; 
I  have  not  seen  it."  Specimens  of  a  species  evidently  closely  allied  to 
pulchra  Kraatz  are  in  the  material  at  hand.  Since  no  structural  differ- 
ences other  than  those  of  sexual  modifications  and  of  form  are  discernible 
between  this  species  and  specimens  believed  to  be  H.  lateralis  Mels- 
heimer  (PI.  XXXIX,  fig.  5)  collected  at  Windsor,  N.  Y.,  an  examina- 
tion of  the  maxillse  was  resorted  to.  These  parts  of  the  mouth  have 
been  considered  of  great  importance  in  generic  distinctions  in  the 
Aleocharinae  by  Kraatz  and  other  students.  Considerable  differences 
in  the  form  of  the  inner  lobe  were  found,  which  are  set  forth  in  the  fol- 
lowing descriptions,  and  have  led  the  author  to  introduce  a  new  genus 
as  suggested  by  Col.  Casey. 

1.  In'ermedia*e  coxae  not  contiguous 2. 

In'ermedia'.e  coxae  contiguous Tetrallus  Bemhauer. 

2.  Basal  joints  of  the  posterior  tarsi  of  unequal  length 3. 

Basal  join's  of  the  pos'.erior  tarsi  of  equal  or  subequal  length 5. 

3.  Mesos'emum  not  carina*e.     (Male  with  conspicuous  processes  or  carinas  on 

the  elytra  and  abdomen.) 4. 

Mesostemum  carina^e.    (Male  without  conspicuous  processes  or  carinae  on  the 
elytra  and  abdomen.) Tinotus  Sharp 
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4.  Basal  joint  of  the  posterior  tarsi  almost  twice  as  long  as  the  second;  inner  lobe 

of  the  maxilla;  simply  ciliate  with  a  free  slender  extremity  having  a  minute 

supplementary  joint Plaionica  Sharp. 

Basal  joint  of  the  iK)sterior  tarsi  slightly  longer  than  the  second;  inner  lobe  of 
the  maxillte  with  long,  coarse  cilia  and  a  long  strongly  curved  digitus. 

Platandria  Casey. 

5.  Mesostemum  not  carinate 6. 

Mesostemum  carinate Exaleochara  Keys. 

6.  Eyes  moderate  in  size,  tempwra  distinct;   ligula  bifid.     (Clypeus  in  the  male 

without  a  longitudinal  carina.) 7. 

Eyes  large,  tempwra  not  distinct;  ligula  entire.  (Clypeus  of  the  male  with  a 
strong  longitudinal  carina.) Lophomucterf  new  genus. 

7.  Free  corneous  extremity  of  the  inner  lobe  of  the  maxills  short,  strai^t,  apex 

rounded  without  digitus.    (Male  with  a  carina  at  the  inner  apical  angles  of 

the  elytra.) Hoplandria  Kraatz. 

Free  corneous  extremity  of  the  inner  lobe  of  the  maxillse  long,  broadly  curved 
inwards  from  its  base,  apex  acuminate.  (Male  with  a  strong,  acute,  curved 
process  near  the  outer  apical  angles  of  the  elytra.) .  .Genosemay  new  genus. 


OsMOSBMA,  new  genus 

Maxilke  with  the  lobes  imequal  in  length,  the  inner  two-thirds  the  length  of  the 
outer  which  is  entirely  membranous,  thick,  about  as  long  as  broad,  straight,  ciliate 
on  apical  half;  inner  lobe  with  a  broad  membranous  appendage  attached  to  the  basal 
half;  free  apical  corneous  part  moderately  slender,  strongly  bent  inward  at  its  base, 
moderately  arcuate,  the  extreme  apex  more  attenuate  and  arcuate. 

Maxillary  palpi  five-jointed;  second  and  third  joints  very  moderately  and  nearly 
equally  incrassate,  subequal  in  length.  Labial  palpi  four-jointed,  first  longer  and 
thicker  than  the  second  which  is  much  shorter,  third  more  slender,  longer,  but  shorter 
than  the  first. 

Ligula  very  long  and  slender,  as  long  as  or  slightly  longer  than  the  first  joint  of 
the  labial  palpi,  deeply  divided  at  apex. 

Mentum  trapezoidal,  apex  about  one-half  the  width  of  the  base,  very  feebly 
triangularly  emarginate,  strongly  transverse,  bilateraUy  impressed. 

Eyes  moderate  in  size;  tempora  convergent,  not  conspicuous,  two-thirds  the 
diameter  of  the  eyes ;  inf  ralateral  carinae  strong  entire ;  gular  sutures  widely  separated, 
diverging  and  slightly  arcuate  to  the  base. 

Antennse  moderately  long  and  gradually  moderately  incrassate;  first  joint  thick- 
ened; secondand  third  equal  in  length;  third  slightly  more  slender. 

Prostemxmi  very  short.  Intermediate  coxae  widely  separated;  mesostemal 
projection  reaching  the  middle  of  the  coxae,  contiguous  with  but  not  united  to  the 
metasternal  projection. 

Basal  tarsal  joints  of  the  posterior  tarsi  equal  in  length. 

Males  with  a  strong,  acute  process  near  the  outer  apical  angles  of  the  elytra  and 
a  longitudinal  carina  on  the  fifth  dorsal  segment. 


Digitized  by 


Google 


1920)  Nottnariy  Staphylinidce  from  Florida  721 

Gtonosema  sezualis,  new  species 
Plate  XXXIX,  Figure  4 

Form  (cf)  moderately  broad,  (9)  more  slender,  slightly  fusoid,  moderately 
convex.  Color  testaceo-rufous,  thorax  and  legs  more  testaceous;  head,  antennae 
except  the  extreme  tip,  elytra  except  the  humeri,  the  fifth  abdominal  segment  and  the 
metepistema  blackish.  Integuments  very  strongly  shining.  Head  very  sparsely 
and  indistinctly  punctured;  thorax  and  elytra  moderately  coarsely,  subasperately, 
but  not  densely  punctured;  abdomen  nearly  impunctate  except  for  rows  of  rather 
coarse  punctures  close  to  the  bases  of  the  basal  segments.  Head  about  one-fourth 
wider  than  long,  a  1  ttle  more  than  one-half  the  width  of  the  thorax  (cf ),  two-thirds 
the  width  of  the  thorax  (  9 );  eyes  moderate  in  size,  tempora  two-thirds  their  length, 
slightly  convergent,  not  at  all  prominent.  Antennae  longer  then  the  head  and  thorax; 
fourth  joint  very  slightly  elongate;  fifth  and  sixth  as  long  as  wide;  seven  to  ten  trans- 
verse; ten  one-half  wider  than  long  (cf),  less  transverse  (  9 ).  Terminal  joint  oval- 
conic,  acute,  longer  than  the  two  preceding.  Thorax  three-fifths  wider  than  long  in 
male  (cf ),  one-third  in  female  (  9 ),  as  wide  as  the  eljrtra  at  their  base  but  narrower 
than  their  apex;  apex  of  the  thorax  sUghtly  narrower  than  the  base,  sides  and  base 
strongly  rounded,  posterior  angles  nearly  obsolete;  disk  rather  strongly  convex  with 
a  large  median  impression  slightly  before  the  base  in  the  male.  Elytra  conjointly  a 
little  more  than  one-fourth  wider  than  long  in  the  male  (cf),  nearly  one-half  wider 
than  long  in  female  (  9 ),  suture  slightly  longer  than  the  thorax  (cf),  as  long  as  the 
thorax  (  9 ) ;  outer  apical  angles  more  strongly  produced  in  the  male  than  in  the  female. 
Abdomen  slightly  narrower  than  the  elytra  at  base,  sides  broadly  arcuate  and 
narrowed;  fifth  segment  about  half  as  wide  as  the  base  (cT),  wider  (9).  Length, 
2.5-3  nun.;  width,  .7-8  mm.     cT,  9.    Four  specimens. 

Male. — Elytra  with  a  strong,  acute  process  near  the  outer  apical  angles;  the 
inner  sutiural  angles  strongly  swoUen.  First  and  second  abdominal  segments  with 
lateral  spines,  those  on  the  second  about  one-half  as  long  as  those  on  the  first;  fifth 
dorsal  segment  with  a  large,  acute,  median,  carinate  tooth. 

Female. — Unmodified. 

Type  male,  allotype  female,  and  two  paratypes,  Monticello,  eastern  arm  of  Lake 
Micesoukee,  October  8,  in  cheese  traps;  (Mutchler). 

H,  debilis  Sharp  (Guatemala,  Biol.  Cen.  Amer.,  I,  part  2,  p.  224) 
and  H.  pidchra  Kraatz  (Louisiana,  Georgia,  Linn.  Ent.  Zeits.,  XI,  p.  6) 
probably  belong  with  the  above  described  species.  H,  debilis  is  a  black 
species;  the  third  antennal  joint  is  said  to  be  rather  shorter  than  the 
second  and  the  elytral  processes  recurved.  H.  pulchra  is  described  as 
having  the  thorax  more  than  twice  as  wide  as  long,  the  sides  and  base 
slightly  rounded;  surface  densely  and  finely  punctured;  elytra  one-half 
longer  than  the  thorax  with  dense,  strong,  rugulose  punctures;  the 
male  with  a  short  lateral  spine  on  the  second  abdominal  segment  only. 
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LoPHOBnrcTBB,  new  genus 

Maxillse  with  the  lobes  more  or  less  fused  and  indistinguishable;  ou*er  lobe  short, 
membranous,  eilia^e;  inner  lobe  shor'er  than  the  outer,  narrowed  to  a  more  or  leas 
acute  apex,  straight,  inner  edge  straight  with  an  angulation  near  the  middle,  cili&te 
above  the  angulation. 

Maxillary  palpi  five-jointed;  second  joint  rather  s^^rongly  pedunculate  and 
sligh  t ly  arcuate ;  t  hird  st  raigh  *■ ,  subequal  in  leng '  b  t  o  t  he  second,  very  slight  ly  thicker 
and  evenly,  not  very  srongly  incrassa^e;  four  h  joint  subulate,  about  two-' birds  the 
leng  h  of  the  third.  Labial  palpi  four-jointed;  first  joint  elongate  and  thicker; 
second  short;  third  long  but  shorter  and  more  slender  than  the  first. 

Ligula  elongate,  linear,  about  as  long  as  the  first  joint  of  the  labial  palpi;  apex 
blunt,  entire. 

Mentum  trapezoidal,  about  one-third  wider  than  long;  apex  two-thirds  the 
width  of  the  base,  feebly  circularly  emarg'nate,  bilaterally  impressed. 

Mandibles  obtusely  curved  and  acuminate  at  apex;  inner  edge  wilh  an  obtuse 
angulation  at  middle. 

Eyes  large,  strongly  convex;  tempora  very  short,  scarcely  apparent;  infralateral 
carinsB  very  s  rong,  entire;  gular  sutures  moderately  separated  at  apex,  slraight  and 
rather  strongly  divergent  to  the  base. 

Antennffi  moderate  in  leng'h,  rather  strongly  incrassate;  first  joint  long  and 
stout,  as  long  as  the  next  three;  second  and  third  of  equal  leng'h. 

Prostemum  short.  IntermediatecoxsB  widely  separated;  meso- and  metastemal 
projections  solidly  united,  suture  transverse,  slightly  before  the  middle  of  the  coxae. 

Tarsi  4-5-5  jointed;  four  basal  joints  of  the  pos'erior  tarsi  of  equal  leng  h. 

Males  with  the  elytra  carinate  at  the  humeri  and  with  short  processes  at  the 
apical,  sutural  angles. 

Lophomucter  lAvicoUis,  new  species 
Plate  XXXIX,  Figure  6 
Form  rather  broad,  moderately  convex.  Color  rufo-testaceous;  head  and  the 
elytral  suture  narrowly,  blackish;  outer  antennal  join's  slightly  infusca'e.  Integu- 
ments strongly  shining,  finely,  very  sparsely  and  indis  incJy  puncta'e  throu^out. 
Thorax  with  four  distinct  discal  punctures.  Head  nearly  one-third  wider  than  long, 
nearly  two-thirds  the  width  of  the  thorax.  Antennse  as  long  as  the  head  and  thorax; 
second  and  third  joints  modera*elv  elongate;  fourth  joint  as  long  as  wide,  somewhat 
rounded;  fifth  joint  nearly  one-half  wider  than  long,  dis  inctly  wider  than  the 
fourth;  outer  joints  slightly  wider  and  more  transverse,  forming  a  ra'her  parallel- 
sided,  elongate  club;  terminal  joint  short,  conical,  as  long  as  the  preceding  two. 
Thorax  one-half  wider  than  long,  as  wide  as  the  elylra  at  base,  narrower  than  the 
elytral  apex,  strongly  rounded  on  sides  and  base;  apex  slightly  narrower  than  the 
base;  hypomera  visible  from  the  side.  Elytra  conjointly  one-half  wider  than  long, 
sides  arcuate  and  divergent,  suture  four-fifihs  the  leng  h  of  the  thorax;  apex  not 
emarginate.  Abdomen  much  narrower  than  the  elytra  at  base,  as  wide  as  or  sUgh  ly 
wider  at  he  apical  margin  of  the  second  segmnt;  fif<hsegment  about  two-thirds  the 
wid  h  of  the  base;  side  margins  very  broad  and  flattened  above.  Leng.h,  3.5  mm.; 
width,  2.25  mm.    cT.    One  spec.'men. 
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Male. — Clypeus  with  a  strong  longitudinal  carina.  Elytra  with  a  short  humera 
carina  and  a  rather  small,  blunt  poin  ed,  carinate  tooth  at  the  sutiu*al  angle.  Ab- 
domen wi  h  a  modera'e-sized,  rounded  tuberosity  at  the  middle  of  the  second  segment 
and  a  low,  carinate  tooth  on  the  fifth  dorsal  segment.  (It  is  possible  that  some  of 
these  modifications  may  occur  in  both  sexes.) 

Female. — Unknown. 

Type,  Fort  Myers,  April  26,  from  a  hog's  head;  (Grossbeck). 

This  species  is  one  of  considerable  systematic  interest.  Although 
evidently  a  close  ally  of  Hoplandria,  the  form  of  the  head,  the  intermeso- 
coxal  parts  and  the  smooth,  quadripunctate  thorax  indicate  a  distinct 
relationship  to  the  bolitocharid  genus  Gyrophcma  and  its  allies. 

TiNOTxrs  Sharp 
TinotUB  ampluB,  new  species 

Form  rather  stout,  fusiform,  moderately  convex.  Color  dark  rufo-piceous,  elytra 
^lighlly  paler,  head  and  abdomen  darker,  nearly  black,  the  latter  with  the  apical 
margins  of  the  segments  rather  broadly  paler,  rufo-piceous;  sixth  segment  entirely 
pale.  Surface  s'rongly  micro-re  I  icula*e;  lus're  dull;  abdomen  more  shining;  punc- 
tiires  on  the  head  rather  fine  and  indis'.inct  and  somewhat  sparse;  those  on  the  thorax 
and  ely!ra  s'rong,  dense  and  aspera'e,  those  on  the  elytra  a  little  more  coarse;  punc- 
tures of  the  abdomen  rather  fine  and  sparse,  not  strigose  nor  imbricate  except  feebly 
80  on  the  basal  segments  but  wi  h  very  faint  elongate  impressions  behind  each  punc- 
ture. Pubescence  thick,  pale  reddish.  Head  less  than  a  third  wider  than  long,  one- 
half  the  wid  h  of  the  horax,  evenly  convex;  eyes  moderate  in  size,  not  prominent; 
tempora  one-half  theur  diameter.  Antennae  as  long  as  the  iiead  and  thorax,  slender; 
third  joint  slightly  longjcr  than  either  the  first  or  the  second;  first  cylindrical,  thicker; 
second  and  third  obconic;  fourth  joint  as  wide  as  long;  outer  joints  very  slightly  in- 
crassate;  tenth  joint  about  one-third  wider  than  long;  terminal  joint  obtusely 
poinded,  as  long  as  the  preceding  two.  Infralateral  carina  strong,  entire.  Thorax 
two-thirds  as  wide  as  long,  strongly  convex,  sides  subparallel  in  basal  half,  strongly 
roimded  and  converging  in  apical  half;  base  very  moderately  rounded,  posterior 
angles  very  obtuse  but  dis'inct.  Elytra  very  slightly  wider  than  the  thorax,  sides 
parallel,  conjointly  three-fifths  wider  than  long;  suture  equal  in  length  to  the  thorax, 
outer  apical  angles  slightly  re'rac'ed  with  feeble  sinuses.  Abdomen  as  wide  as  the 
elytra  at  base,  sides  almost  s'raight  and  feebly  convergent  to  the  apex  of  the  fifth 
segment  which  is  three-fourths  the  width  of  the  base.  Length,  2  mm.;  width,  1.25 
BMn.    cf .    One  specimen. 

Male. — Thorax  wi^h  a  large  round  impression  occupying  more  than  the  median 
third  of  the  disk.  Four! h  dorsal  abdominal  segment  with  the  apex  broadly,  arcuately 
emarginate,  the  emargination  the  width  of  the  segment.    One  specimen. 

Fem^e. — Unknown. 

Type,  Enterprise,  October  30,  Cassias. 

This  species  differs  in  antennal  structure  and  the  punctuation  of  the 
abdomen  from  those  described  hitherto. 
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Tinotus  bnmnipes,  new  species 

Form  slightly  robust,  subparallel,  moderately  convex.  Color  dark  brownish- 
piceous;  bases  of  the  abdominal  segments  more  or  less  blackish,  base  of  the  antenme 
and  the  legs  paler.  Lustre  dull;  surface  micro-reticulate.  Punctures  of  the  head  fine 
and  indistinct;  of  the  thorax  and  elytra  distinct,  rather  close  and  asperate,  those  on 
the  disk  of  the  thorax  distinctly  finer.  Basal  segments  of  the  abdomen  imbricate; 
imbrication  obsolete  on  the  fourth  and  fifth  dorsal  segments.  Head  very  sli^tly 
wider  than  long,  nearly  two-thirds  the  width  of  the  thorax,  widest  behind  the  ej'cs, 
narrowed  anteriorly;  eyes  moderate  in  size,  very  much  flattened,  slightly  longer  than 
the  tempora.  Antennae  short,  as  long  as  the  head  and  thorax;  second  and  third  joints 
elongate,  of  equal  length;  fourth  and  fifth  as  long  as  wide;  outer  joints  graduidly 
wider,  strongly  transverse,  nearly  twice  as  wide  as  long;  terminal  joint  obtusely 
pointed,  as  long  as  the  two  preceding.  Thorax  strongly  convex,one-half  wider  than 
long,  sides  evenly,  arcuately  narrowed  from  base  to  apex;  base  rounded,  feebly 
sinuate  laterally,  posterior  angles  not  distinct.  A  faint  basal  impression  either  side 
at  the  scutellum.  Elytra  (  9 )  very  slightly  wider  than  the  thorax;  the  suture  as  long 
as  the  latter,  sides  feebly  arcuate;  apical  sinuses  feeble.  Abdomen  as  wide  as  the 
elytra  at  base;  sides  arcuate  and  slightly  narrowed  to  the  apex  of  the  fifth  segment 
which  is  three-fourths  the  width  of  the  base.  Basal  joint  of  the  posterior  tarsi  equal 
in  length  to  the  next  two.  Length,  2.5-2.75  nun.;  width,  .6-.75  nwn.  9.  Two 
specimens. 

Type  and  paratype,  labeled  "Fla." 

This  species  is  distinguishable  from  the  preceding  by  its  narrower 
thorax,  larger  head,  antennae  with  much  more  transverse  outer  joints. 
Both  seem  to  be  distinguishable  by  the  feebler  abdominal  sculpture  and 
the  head  distinctly  wider  posteriorly  as  well  as  by  other  characters  from 
those  described  by  Col.  Casey. 


TinotuB  planulus,  new  species 

Form  not  stout,  subparallel,  slightly  convex.  Color  dark  piceous,  nearly  uni- 
form; apical  margins  of  the  dorsal  abdominal  segments  slightly  paler;  basal  joints 
of  the  antennse  not  paler;  legs  pale  with  a  reddish  tinge.  Lustre  very  dull;  head 
very  indistinctly  punctured,  more  shining;  thorax  and  elytra  micro-reticulate,  punc- 
tures close  and  asperate,  not  medially  finer  on  the  disk  of  the  thorax.  Abdomen 
strongly  imbricate  throughout  but  not  at  all  micro-reticulate.  Head  sub-orbicular, 
two-thirds  the  width  of  the  thorax,  about  one-fourth  wider  than  long,  widest  behind 
the  eyes  which  are  moderately  large  but  flat ;  tempora  very  little  more  than  one^half 
the  diameter  of  the  eyes.  Antennae  as  long  as  the  head  and  thorax;  third  joint 
slightly  shorter  and  more  slender  than  the  second;  fourth  as  long  as  wide;  fifth 
dis'  inctly  transverse;  outer  joints  gradually  strongly  incrassate;  the  ninth  and  tenth 
slightly  more  than  twice  as  wide  as  long;  terminal  joint  very  short,  slightly  longer 
than  wide,  as  long  as  the  two  preceding.  Thorax  one-third  wider  than  long,  widest  a 
little  before  the  base,  sides  rather  feebly  arcuate  and  narrowed  anteriorly;  base 
broadly  rounded  and  feebly  sinuate  laterally;  posterior  angles  very  obtuse,  slightly 
distinct;  disk  moderately  convex,  without  basal  impressions.    Eljrtra  at  apex  very 
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slightly  wider  than  the  thorax,  conjointly  one-half  wider  than  long,  sutulre  distinctly 
shorter  than  the  thorax;  sides  subparallel,  very  feebly  arcuate.  Abdomen  very  nearly 
as  wide  as  the  elytra  at  base,  fif  .h  segment  nearly  four-fifths  the  width  of  the  base. 
Basal  joint  of  the  posterior  tarsi  as  long  as  the  next  two.  Length,  1.25-1.5  mm.; 
width,  .4  mm.    Twenty-two  specimens. 

Type  and  six  paratypes,  Gainesville,  October  1,  under  cow  dung;  (Mutchler). 
Three  paratypes  labeled  ''Fla.''  and  one  Enterprise,  October  12.  Other  specimens: 
^ight  from  the  type  locality;  two,  Enterprise;  two,  labelled  "Fla." 

The  specimens  at  hand  are  apparently  all  females.  The  sixth  dorsal 
s^ment  is  just  perceptibly  emarginate  medially. 

The  species  is  distinguished  by  its  narrow  sUghtly  flatter  thorax. 
It  is  evidently  related  to  T.  parvicomis  Casey.  In  that  species  the  thorax 
is  described  as  three-fourths  wider  than  long. 

Trichiilsa  ursina,  new  species 

Form  short  and  stout,  rat  her  parallel.  Pubescence  long,  abundant  and  conspicu- 
ous throughout.  Color  pale  rufo-'  es'  aceous  (imma'  ure) .  Head  behind' the  antenns 
one-third  wider  than  long,  three-fourths  the  wid  h  of  the  thorax;  eyes  ra  her  large 
and  convex,  distant  about  their  diame'  ers  from  the  base;  tempora  straight  and  s]jghtly 
convergent;  front  strongly  impressed;  infrala'eral  carinse  lacking.  Antenns  reach- 
ing the  basal  third  of  the  elytra,  gradually  ra'her  s'rongly  incrassate;  second  joint 
stouter  and  slightly  longer  than  the  third,  both  feebly  elongate;  fourth  as  long  as  wide; 
tiie  outer  joints  becoming  rapidly  more  transverse;  tenth  twice  as  wide  as  long; 
terminal  joint  as  long  as  the  two  preceding.  Thorax  narrower  than  the  elytra  at 
base,  widest  at  middle  where  it  is  three-fifths  wider  than  long,  sides  arcuate  and  con- 
vergent anteriorly,  nearly  straight  and  very  slightly  convergent  posteriorly  to  the 
obtuse  and  scarcdy  distinct  pos  erior  angles;  disk  very  convex,  with  a  broad  impres- 
sion before  the  scu^elliun.  Head  and  thorax  s'rongly  shining,  punctuation  very  fine 
a^nd  indis'inct.  Elytra  conjointly  three-fif  hs  wider  than  long;  suture  as  long  as  the 
thorax,  sides  slightly  divergent,  humeri  well  exposed,  punctuation  consis'ing  of  rather 
fine  se'se-bearing  punctures  only;  lus're  duller  than  that  of  the  thorax.  Abdomen 
rather  more  distinctly  but  less  densely  pimctate.  Length,  1.6  mm.;  width,  .65  mm. 
One  specimen. 

Type,  Pimta  Gorda.  November  12,  sifting  debris  on  beach  of  Charlotte  Harbor, 
at  high-tide  mark;  (Leng). 

This  species  is  distinguished  by  its  antennal  structure,  thoracic 
form  and  short  elytra  with  simple  punctuation.  It  is  probably  near  to 
T.  convergens  Casey  and  T.  monticola  Casey. 

Atheta  Thomson 
Atheta  macrops,  new  species 
Form  moderately  slender,  parallel,  slightly  convex.  Color  piceo-tes^aceous. 
Thorax  and  basal  segments  of  the  abdomen  wi  h  a  reddish  tinge;  head  and  segments 
three  and  four  of  the  abdomen  blackish;  ou*er  an'ennal  joints  infuscate.  Surface 
micro-re' iculate;  head  and  abdomen  rather  s'rongly  shining;  thorax  and  elytra 
feebly  shining.    Head  nearly  impimctate,  pimctures  very  fine,  sparse  and  indistinct. 
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Thorax  and  elytra  rather  finely  but  distinctly  and  somewhat  densely  punctate. 
Basal  segments  of  the  abdomen  rather  densely  punctate;  fifth  segm^it  nearly  in^ 
punctate.  Pubescence  on  the  thorax  and  elytra  rather  long.  Head  one-third  wider 
than  long,  fivensixths  the  wid^h  of  the  thorax;  eyes  very  large  and  prominent; 
tempora  little  more  than  half  their  diame  ers,  rather  strongly  convergent,  not  at  all 
parallel;  infrala'eral  carinad  strong  and  entire.  Antenme  longer  than  the  head  and 
thorax,  feebly  incrassa'e;  second  and  third  joints  elongate,  subequal  in  length;  fourth 
as  wide  as  long;  tenth  about  one-fourth  wider  than  long;  terminal  jcnnt  oval,  conk, 
slightly  longer  than  the  preceding  two.  Thorax  one-half  wider  than  long,  dightly 
wider  than  the  elytra;  sides  subparallel  to  the  apical  fourth  thence  rounded  to  the 
apical  angles,  base  broadly  roimded,  posterior  angles  very  obtuse  but  somewhat 
distinct;  a  rather  indistinct  median  impression  and  basal  fovea.  Elytra  conjointly 
one-fourth  wider  than  long,  suture  scarcely  perceptibly  longer  than  the  thorax. 
Abdomen  narrower  than  the  elytra  at  base,  sides  broadly  and  evenly  arcuate.  Basal 
joints  of  the  posterior  tarsi  elongate,  subequal.  Intermediate  coxae  separated  by 
about  one-fifth  the  width  of  one  of  the  ooxsb;  the  meso-  and  metastemal  projections 
contiguous  at  slightly  behind  the  middle  of  the  coxse;  apex  of  the  mesoe'emal  projec- 
tion rounded.    Leng'h,  2-2.5  mm.;  width,  .5-.6  mm.    cfi  9.   Eight  specimens. 

Male. — Apex  of  the  sixth  dorsal  abdominal  segment  with  an  emargination  either 
side;  the  rather  broad  median  projection  feebly  emarginate  wi;h  i*s  angles  broadly 
rounded;  the  outer  ^dge  of  the  lateral  emarginations  prolonged  in  a  short  tooth; 
the  lateral  emargiiiations  trapezoidal. 

Female. — Sixth  ventral  strongly  rounded  with  its  apical  margin  finely  fimbriate. 

Type  male,  labeled  "Fla.,"  allotype,  female,  Enterprise,  November  15.  Four 
paratypes:  three,  labeled  "Fla.''  one,  Monticello,  eastern  arm  of  Lake  Micesoukee, 
October  8,  in  cheese  trap;  (Mutchler). 

This  species  resembles  A.  coriaria  Kraatz  quite  closely  in  color  and 
form.  It  is  more  slender  and  paraUel,  the  thorax  less  transverse,  the 
head  more  transverse,  the  eyes  much  larger  and  the  outer  antennal 
joints  less  transverse.  The  male  abdominal  modifications  are  like  those 
of  A.  crenuliventris  Bernhauer. 
Atheta  aspericauda  Bernhauer. 

Enterprise,    October    12.      Pensacola,    October    14,    in    fung;us; 

(Mutchler). 

Athota  (Hilara)  iPulTlceps,  new  species 
Form  slender  parallel,  scarcely  convex,  moderately  shining.  CkAor  pale  nifo* 
testaceous,  fourth  and  fifth  segments  of  the  abdomen  only  slightly  infusca'e.  Punc- 
tures of  the  thorax  and  elytra  rather  coarse  and  dense,  separa'ed  by  about  their 
diameters.  Pubescence  rather  coarse  but  not  dense.  Head  as  long  as  wide;  eyes 
rather  large,  but  feebly  convex,  distant  from  the  base  of  the  head  by  slightly  less  than 
their  diameters;  tempora  evenly,  arcuately  and  feebly  convergent;  infralat^^ 
carinse  s'rotig  and  entire.  Antennse  as  long  as  the  head  and  thorax,  gradually  rather 
strongly  incrassale;  first  joint  more  than  twice  as  long  as  long  as  wide;  second  about 
two-thirds  the  length  of  the  first,  third  about  two-thirds  the  leng'h  of  the  seccmd, 
strongly  obconic,  fourth  distinctly  transverse,  fifth  to  tenth  twice  as  wide  as  long. 
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gradually  larger  but  not  perceptibly  more  transverse.  Terminal  joint  eonic&I,  apex 
rounded,  equal  in  leng  h  to  the  two  preceding.  Head,  thorax  and  elytra  subequal  in 
width.  Thorax  one-third  wider  than  long,  widest  in  front  of  the  middle,  sides  evenly 
but  not  strongly  arcua'e,  base  broadly  roimded,  posterior  angles  indistinct.  Elytra 
conjoin' ly  as  wide  as  long,  suture  scarcely  longer  than  the  thorax.  Abdomen  nar- 
rower than  the  elytra  at  base,  slightly  wider  to  the  apex  of  the  fifth  segment  which  is 
slightly  longer  than  the  four:h.  Three  basal  dorsal  segments  strongly  transversely 
impressed.  Mesostemal  projection  long  and  slender,  nearly  two-thirds  the  length 
of  the  coxal  cavity,  apex  narrowly  rounded  and  contiguous  with  the  me^astemal 
projection  which  is  narrower  and  more  parallel.  The  mesostemal  projection  is 
margined  throughout,  but  the  margin  of  the  metastemal  projection  stops  at  about 
half  its  leng'  h,  the  remaining  apical  portion  though  narrow  is  in  the  same  plane  as  the 
mesostemal  projection.  Lenglh,  1  mm.;  width,  .3  mm.  One  specimen. 
Type,  labeled  "Ma." 

Ganglbauer  (Kaf .  v.  Mitteleu.,  II,  part  1,  p.  149)  separates  the  sub- 
genera Microdota  and  Hilara  by  the  punctuation  of  the  thorax.  The 
punctures  on  the  thorax  of  a  specimen  of  {Microdota)  amicula,  micro- 
scopically viewed,  are  distinctly  finer  and  separated  by  about  twice 
their  diameters.  The  punctures  on  the  thorax  of  {Hilara)  palleola  are 
about  as  coarse  as  those  of  (ff.)  fvlviceps  but  are  separated  by  about 
three  times  their  diameters.  The  species  bears  some  resemblance  to  the 
small  Leptusse  but  the  intermediate  tarsi  are  certainly  five-jointed  as 
proved  by  a  dissection  in  balsam. 

Acrotona  Thomson 
Dr.  Fenyes  (Gen.  Ins.,  Fasc.  173A,  pp.  20,  21)  gives  the  type  species 
of  this  genus  as  A.  aterrima  Gravenhorst  and  for  Colpodota,  C.  pygrmea 
Erichson.  Ganglbauer,  however,  places  both  these  species  in  Colpodota 
(Kaf.  V.  Mitteleu.,  II,  part  1,  p.  146).  The  work  of  Mulsant  and  Rey, 
the  original  authority  on  the  two  genera,  is  not  available.  Ganglbauer 
separates  Acrotona  and  Colpodota  as  follows: 

1.    Abdomen  equally  and  more  or  less  densely  pubescent. 

Colpodota  Mulsant  and  Bey. 
Abdomen  much  less  dansdy  pubescent  on  the  fourth  and  fifth  dorsal  segments. 

Acrotona  Mulsant  and  Rey. 

Synopsis  of  the  Species 

(Acrotona) 

1.  Punctures  on  the  thorax  and  elytra  more  or  less  dense;  lustre  dull 2. 

Punctures  very  remote  and  sparse;  integuments  very  highly  polished.    (Neada 

Casey) Ivbricans  Casey. 

2.  Outer  antennal  joints  strongly  transverse,  one-half  wider  than  long 3. 

Outer  antennal  joints  not  or  very  slightly  transverse 5. 
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3.  Thorax  one-half  wider  than  long 4. 

Thorax  one-third  wider  than  long;  elytra  as  long  as  the  thorax. 

hakeri  Bemhauer. 

4.  Head  extremely  finely  and  sparsely  punctate;  elytra  slightly  longer  than  the 

thorax;   size  larger,    2-2.3  mm paaadena  Bemhauer 

Head  coarsely  and  ra'her  closely  punctate;  elytra  very  slightly  shorter  than  the 
thorax;    size  smaller,  1.6  nmi fiebeticamiSf  new  species. 

5.  Elytra  distinctly  longer  than  the  thorax;  suture  one-third  longer 6. 

Elytra  not  distinctly  longer  than  the  thorax 9. 

6.  Head  not  strongly  transverse 7. 

Head  strongly  transverse  eyes  at  less  than  their  diameters  from  the  base. 

adjwanus  Casey. 

7.  Thorax  narrower  than  theelytra 8. 

Thorax  as  wide  as  the  elytra lividula  Casey. 

8.  Fifth  and  sixth  segments  of  the  abdomen  polished  and  coarsely  punctured. 

modesta  Melsheimer. 

Fifth  and  sixth  segments  of  the  abdomen  very  sparsely,  feebly,  and  subasperatdy 

punctured fueiformie  Casey. 

9.  Elytra  distinctly  shorter  than  the  thorax;  suture  not  more  than  four-fifths  its 

leng'h 10. 

Elytra  not  distinctly  shorter  than  the  thorax 11. 

10.  Thorax  wider  than  any  part  of  the  elytra;  the  latter  four-fifths  the  length  of 

the  thorax shastanica  Casey. 

Thorax  as  wide  as  the  apex  of  the  elytra;  the  latter  shorter,  three-fourths  the 
length  of  the  thorax prudens  Casey. 

11.  Thoraxwiderthanany  part  of  theelytra 12. 

Thorax  as  wide  as  the  elytra '. .  14, 

Thorax  distinctly  narrower  than  the  elytra 15. 

12.  Head  distinctly  inflated  or  swollen  at  base 13. 

Head  not  inflated  at  the  base;  antennse  slender;  form  stout.  ,renoica  Casey. 

13.  Antennffi  more  distinctly  incrassa^e,  tenth  joint  distinctly  transverse;  thorax  less 

rounded  at  base;  elytral  suture  as  long  as  the  thorax;  form  stout. 

eevera  Casey. 

Antennffi  less  incrassa^e,  tenth  joint  not  transverse;  thorax  broadly  rounded  at 

base,  basal  impression  small  and  obsolescent;  elytral  suture  not  quite  as 

long  as  the  thorax;    form  more  slender ardeUo  Casey. 

14.  Head  transverse;  color  dark;  abdomen  not  as  wide  as  the  elytra. 

dige^ta  C^asy, 
Head  suborbicular,  less  transverse;  color  pale;  abdomen  as  wide  as  the  elytra. 

ma2aca  Casey. 

15.  Foiu*th  antennal  joint  normal,  slightly  smaller  than  the  fifth 16. 

Foiu*th  antennal  joint  very  small,  one-half  as  long  as  the  fifth  and  much  nar- 
rower  fuacipes  Herr. 
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16.  Thorax  not  stron^y  convex 17. 

Thorax  strongly  convex 18. 

17.  Color  darker;   thorax  broader,  nearly  one-half  wider  than  long;   size  larger. 

2-2.3  nun subpygmaa  Bemhauer. 

Color  paler;  thorax  narrower,  less  than  one-third  wider  than  long;  size  smaller. 
1.6  mm picescenSf  new  species. 

18.  Antennse  paler,  at  least  at  base;  thorax  shorter,  one-half  wider  than  long. . .  19. 
AntennsB  darker;  thorax  not  so  short;  one-third  wider  than  long,  more  nar- 
rowed anteriorly orbata  Erichson. 

19.  Thorax  less  narrowed  anteriorly;  basal  dorsal  segments  of  the  abdomen  more 

densely  punctured fungi  Gravenhorst. 

Thorax  more  narrowed  anteriorly;  basal  dorsal  segments  of  the  abdomen  not 
more  densely  punctiured dierUida  Erichson. 

Homalota  modesta  Melsheimer  seems  to  be  rather  doubtfully  an 
Acrotona  and  its  position  in  the  above  table  is  more  or  less  conjectural. 


Acrotona  piceseeni,  new  species 

Form  rather  slender,  distinctly  fusoid,  feebly  convex,  moderately  shining.  Color 
rather  pale  piceous,  posterior  abdominal  segments  slightly  blackish;  legs  and  anten- 
na not  noticeably  paJer.  Micro-ret iculation  coarse  but  very  indist inct ;  punctures  on 
head  and  thorax  large,  shallow,  umbilica^e,  separated  by  about  their  diameters; 
those  on  the  elytra  subasperate,  surface  slightly  rugulose;  punctuation  of  the  abdo- 
men fine,  sparse  and  indistinct.  Head,  thorax  and  abdomen  more  shining.  Head 
very  moderately  transverse,  less  than  one-third  wider  than  long;  tempora  about  two- 
thirds  the  leng'h  of  the  eyes,  parallel  for  half  their  leng'h.  Antennse  nearly  attain- 
ing the  middle  of  the  elytra;  first  joint  longer  ban  the  second  or  the  third  which  are 
of  equal  leng'h,  about  twice  as  long  as  wide;  foiu*th  and  fifth  joints  as  wide  as  long; 
outer  joints  gradually  sligh'ly  wider;  tenth  joint  slightly  transverse;  terminal  joiiit 
oval,  conic,  slightly  longer  than  the  two  preceding.  Infralateral  carime  strong, 
entire.  Thorax  less  than  one-third  wider  than  long,  moderately,  evenly  and  arcuately 
narrowed  from  base  to  apex;  base  broadly  roimded,  not  perceptibly  sinuate  laterally, 
posterior  angles  not  distinct.  Elytra  as  wide  as  the  thorax  at  base,  slightly  wider  at 
apex;  suture  very  slightly  shorter.  Abdomen  narrower  than  the  ely'ra  at  base, 
sides  evenly  and  arcuately  narrowed.  Mesostemal  projection  long,  narrow,  reaching 
the  posterior  third  of  the  coxae,  narrowly  rounded  at  apex,  almost  contiguous  with  the 
metastemal  projection.  Coxae  narrowly  separated.  Basal  joints  of  the  pos*erior 
tarsi  subequal,  first  joint  very  slightly  longer.  No  sexual  differences  observable. 
Leng'h,  1.5-1.6  mm.;  width,  .35-.45  mm.    Nine  specimens. 

Type,  Enterprise,  December  15.  Eight  paratypes:  4,  Enterprise,  October 
17,  November  1  and  22,  December,  12;  2  labeled,  "Fla.";  1  Punta  Gorda,  No- 
vember 11,  sifting  debris  on  shore  at  mouth  of  Peace  River;  (Leng). 
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Acrotona  habeticomiBy  new  species 

Fonn  slightly  stout,  slightly  convex,  fusoid.  Color  piceous  brown;  elytra  paler 
more  tes.aceous;  abdomen  black,  basal  segments  more  or  less  brownish;  basal  joints 
of  the  an  enn»  and  the  legs  rather  pale  testaceous.  Micro-reticulation  and  punctua- 
tion as  in  the  preceding.  Head  as  in  the  preceding.  Antennse  shorter  and  slightly 
more  slender,  as  long  as  the  head  and  thorax;  foiu*th  joint  as  wide  as  long;  fifth  joint 
very  slightly  transverse;  outer  joints  very  gradually  larger  and  more  transverse; 
tenth  joint  one-half  wider  than  long;  terminal  joint  very  slightly  longer  than  the  two 
preceding,  very  obtusely  rounded  at  apex,  feebly  conic.  Infralateral  earins  strong, 
entire.  Thorax  nearly  one-half  wider  than  long,  apex  narrower  than  the  base,  sides 
evenly  and  rather  feebly  arcuate,  base  broadly  rounded,  slightly  flatt^ed  laterally, 
posterior  angles  scarcely  evident;  disk  without  impressions.  Elytra  as  wide  as  the 
thorax  at  base,  slightly  wider  at  apex,  very  slightly  shorter  than  the  thorax  onathe 
suture.  Abdomen  narrower  than  the  elytra  at  base.  Basal  joint  of  the  hind  tnisi 
elongate,  a  little  longer  than  the  second.  Intermesocoxal  parts  as  in  the  preceding. 
No  sexual  differences  observable.  Leng'h,  1.75  mm. ;  width,  .4  mm.  Three  specimens. 

Type,  Enterprise,  December  15.  Two  paratypes:  1  Elnterpriae,  November  19; 
1  Punta  Gorda,  November  11,  sifting  d6bris  on  shore  at  mouth  of  Peace  River; 
(Leng). 

This  species  resembles  the  preceding  very  closely.  It  may  be  distin- 
guished by  the  antennal  structure  and  distinctly  more  transverse  thorax, 
(hiypeta  floridana  Casey. 

Enterprise,  December  12. 
AleodoruB  partitus  (LeConte). 

Enterprise,  October  12.    Titusville. 

Group  FaLiAgri^ 
Synopsis  of  the  Genera 

1.  Dorsal  segments  of  the  abdomen  transversely  impressed 2. 

Dorsal  segments  of  the  abdomen  not  transversely  impressed. .  Demera  Fauvd. 

2.  Posterior  thoracic  angles  not  dentiform 3. 

Posterior  thoracic  angles  produced,  dentiform;  form  broad,  fusoid. 

Dorylonilla  Wasmann. 

3.  Pros^ernum  not  carinate 4. 

Prostemum  carinate EdtoniUa  Wasmann. 

4.  Intermediate  coxae  not  contiguous 5. 

Intermediate  coxae  contiguous Drepanopora  Bemhauer. 

5.  Mesostemum  not  carinate 6. 

Mesos'ernum  carinate Lophagria  Casey. 

6.  Metastemum  not  elevated  nor  subcarinate 7. 

Metastemum  elevated  anteriorly,  subcarinate Amaurodera  Fauvel. 

7.  Thoracic  hypomera  delimited  from  the  flanks  of  the  pronotum  by  a  carinate  edge 

or  by  a  difference  in  the  sculpture 8. 
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Thoracic  hypoHiera  not  deliimted  from  the  flanks  of  the  pronotum. 

Cardiola  Mulsant  and  Rey. 

8.  Mesostemum  on  the  same  plane  with  the  metastemmn 9. 

Mesostemum  elevated,  on  a  different  plane  from  the  metastemimi. 

ChitaHa  Sharp. 

9.  Flanks  of  the  pronotum  separable  from  the  hypomera  by  differences  of  sculpture 

only 10. 

Flanks  of  the  pronotum  with  a  carinate  edge 12. 

10.  Head  with  the  posterior  angles  more  rounded,  sides  less  distinct;  front  not  im- 

pressed.   Form  convex 11. 

Head  subquadrate  with  the  sides  more  parallel;  front  longitudinally  impressed; 
form  distinctly  flattened Barbaropora  Kraatz. 

11.  Mesos^emal  projection  long,  reaching  the  middle  of  the  coxse  and  separated 

from  the  metastemal  projection.   Tliorax  less  strongly  narrowed  pos'  eriorly 

and  less  s'rongly  sulcate.    Head  not  transverse Lissagria  Casey. 

Mesos^emal  projection  short,  extending  to  anterior  third  of  the  coxse,  fitting  over 
the  me* asternal  projection.  Thorax  more  strongly  narrowed  posteriorly, 
deeply  sulcate.    Head  strongly  transverse  and  truncate  at  base. 

Omoschema,  new  genus. 

12«    Antecoxal  part  of  the  prostemum  moderate  in  size 13. 

Antecoxal  part  of  the  prostemum  very  large Stenagria  Sharp. 

13.  Mesostemal  projection  reaching  the  middle  of  the  coxae 14. 

Mesostemal  projection  but  slightly  produced  between  the  coxje. 

Santhota  Sharp, 

14.  Head  not  broader  behind,  more  or  less  rounded;  thorax  convex,  moderately  to 

strongly  narrowed  posteriorly 15. 

Head  broader  behind  the  eyes;  thorax  flatter,  feebly  narrowed  posteriorly. 

EccoptogloBsa  Luze. 

15.  Corneous  plates  under  the  anterior  cox»  imited  on  the  median  line 16. 

Corneous  plates  under  the  anteric^  coxse  very  small  and  rudim^itary,  not 

united Falagriota  Casey. 

16.  Thoracic  hypomera  shorter  and  broader 17. 

Thoracic  hypomera  long  and  narrow Lorinota  Casey. 

17.  Scutellum  carinate FoLagria  Mannerheim. 

Scutellum  not  carinate Anaidacaspis  Ganglbauer. 

Omoschemay  new  genus 

Labial  palpi  elongate,  slender,  three-join' ed,  joints  scarcely  differing  in  length  or 
thickness.  Maxillary  palpi  rather  long  and  slender,  third  joint  a  little  longer  than  the 
second  and  thicker  but  not  strongly  inflated;  terminal  joint  very  slender,  about  half 
as  long  as  the  preceding. 

Mentum  trapezoidal,  strongly  transverse.  Gular  sutures  well  separated,  very 
slightly  divergent  posteriorly. 
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Head  truncate  at  base,  stron^y  transverse;  eyes  large,  distant  from  the  baae; 
antennsB  long,  distinctly  incrassate,  second  joint  longer  than  the  third.  Neck  very 
narrow. 

Thorax  moderately  convergent  posteriorly,  disk  strongly  sulcate,  marginal  cati- 
nse  wanting. 

Prostemum  very  short  before  the  coxae,  broadly  dilated  behind  and  mider  them, 
completely  filling  the  post-coxal  opening. 

Intermediate  coxae  well  separated.  The  mesostemal  projection  extending  only 
to  the  anterior  third  of  the  coxal  length;  apex  parallel,  rounded,  fitting  over  the  end 
of  the  long  metastemal  projection;  coxal  cavities  without  a  beaded  edge  posteriorly. 

Abdomen  ventricose,  wider  than  any  other  part  of  the  body. 

Posterior  tarsi  elongate,  slender,  the  first  joint  as  long  as  the  next  three. 

Scutellum  coarsely,  variolately  punctate. 

Omoschema  Uticeps,  new  species 

Form  elongate,  ventricose,  rather  convex.  Color  dark  brownish-testaceous; 
legs  somewhat  paler,  terminal  joint  of  the  antennae  very  pale,  basal  joint  slightly  so. 
Head  and  thorax  finely  and  somewhat  densely  punctured;  abdomen  more  densely 
punctate  on  the  sides  of  the  segments,  nearly  smooth  medially.  Pubescence  throug}i- 
out  fine,  rather  long,  dark  and  inconspicuous.  Head  behind  the  antennae  nearly 
twice  as  wide  as  long;  eyes  rather  large,  distant  from  the  base  their  own  diameters, 
base  tnmcate,  sides  parallel,  nearly  straight,  posterior  angles  moderately  rounded, 
neck  about  one-fourth  the  width  of  the  head.  Antennae  long,  rather  stout  distally, 
reaching  the  middle  of  the  elytra;  second  and  third  joints  strongly  elongate;  four  to 
seven  distinctly  elongate;  nine  and  ten  as  long  as  wide;  terminal  joint  large,  oval- 
conic,  slightly  longer  than  the  preceding  two.  Thorax  scarcely  perceptibly  narrower 
than  the  head,  about  three-fourths  the  width  of  the  elytra,  widest  at  apical  fourth 
where  it  is  very  nearly  as  wide  as  long,  sides  strongly  rounded  and  convergent  ante- 
riorly, very  moderately  convergent  and  broadly  sinuate  posteriorly,  posterior  an^es 
very  obtuse  but  distinct.  Thoracic  disk  very  convex  with  a  strong,  deeply  impressed 
median  sulcus  reaching  the  apex  and  broadening  to  a  deep  fovea  at  the  baae.  Abdo- 
men widest  at  the  apex  of  the  fourth  segment. 

Length,  2.5  nmi.;  width,  .5  mm.   One  specimen. 

Type,  Titusville,  November  8,  sifting  leaves  in  forest;  (Lutz). 

The  elytra  are  unfortunately  lacking  in  the  single  specimen  at  hand 
but  the  structural  features  are  sufficient  to  distinguish  the  species. 
Baryodma  nitidicoUis  Casey. 

Enterprise,  November  20. 
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Plate  XXXIX 

Fig.    1.  Schistacme  obtusa  (labium,  maxilla). 

Fig.    2.  Elachisiarthron  awibigunm  (labium,  maxilla). 

Fig.    3.  OrihodialduB  innotabUia  (labium,  maxilla). 

Fig.    4.  Genosema  aextudis  (maxilla). 

Fig.    5.  Hoplandria  lateralis  Melsheimer  (maxilla). 

Fig.    6.  lAyphomuder  kevicoUU  (labium,  maxilla). 

Fig.    7.  Elackistarthran  ambiguum  (intermesocoxal  parts,  intermediate  tarsus). 

Fig.    8.  EumicrataanoTnala(mtLidi\&). 

Fig.    9.  OrihodtUUdus  innotabilia  (six'h  dorsal  abdominal  segment,  cf ). 

Fig.  10.  SUuslda  tenuicomis  (sixth  dorsal  abdominal  segment,  cf ). 

Fig.  11.  Orthodialelus  innotabUis  (intermesocoxal  parts,  intermediate  tarsus). 
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New  tsxonomic  names  are  printed  in  htavy-faced  type,  also  the  main    reference  in  a  series  o 
references. 


Abrocoma,  475. 
Acanthopus,  595. 
Acanthostoma,  223,  225. 
Acraspis  compressa,  353. 

compressum,  353. 

compressus,  353. 

quercus-erinacei,  355. 
Acromynnex  jamaicensis  maritima,  428. 
Acrotona,  727. 

adjuvanus,  728. 

ardelio,  728. 

aterrima,  727. 

bakeri,  728. 

clientiila,  729. 

digesta,  728. 

fungi,  729. 

fuscipes,  728. 

fusiformis,  728. 

hebeticomis,  728,  780. 

lividula,  728. 

lubricans,  727. 

malaca,  728. 

modesta,  728. 

orbata,  729. 

pasadeno;,  728. 

picesceiiB,  729. 

pnidens,  728. 

renoica,  728. 

severa,  728. 

shastanica,  728. 
Actinodon,  225. 
Actobius  cinerascens,  705. 

parcus,  705. 
Acylophorus  pronus,  706. 
Adapidffi,  201. 
Adapinse,  201. 
Adapis,  109,  201-209. 
Adinotherium,  178. 
ifHuropus,  151. 
iElunis,  148-151,  153,  213. 
iEthalion  reticulatum,  465. 
Agtosauridse,  126. 
Agtoeaunis,  128. 
Agathidium,  80. 


Agenia,  576. 

Alcis  haydenata,  489. 

Alectis,  286. 

alexandrinus,  291,  292. 

ciUariB,  286,  287,  290-292. 

crinitus,  286. 

fasciatus,  286. 

gallus,  286. 

hopkinsi,  292. 

indicus,  286,  288,  290-292. 
Aleochara  dubia,  707. 
Aleodorus  partitus,  730. 
Alligator,  107,  124, 125,  228. 
Alligatoriuin,  125. 
Alouatta,  210,  211. 
Alterodon,  474.    See  Halterodon, 

major,  474,  475. 
Amaurodera,  730. 
Amblotherium,  236. 
Amblyrhiza,  471. 

inundata,  470. 
Amblystoma,  117. 
Amblystomida?,  117. 
Amegilla,  569,  670,  572,  575,  576,  580, 

581. 
Amenusa,  717. 
Ameristus,  394. 
Amia,  112,219,220. 
Amiidffi,  112. 
Ammonites  biplex,  672. 

canaliculatus,  681-683,  689. 

plicatilis,  670-673. 

Solaris,  673. 

virgulatus,  689. 
Amphibamidae,  226. 
Amphibamus,  226. 
Amphibolips,  358, 361, 368, 369, 397, 400. 

citriformis,  365. 

coelebs,  365. 

confluens,  325,  356,  382. 

ilicifolise,  365. 
Amphiproviverra,  107, 139, 141, 145, 215. 
Amphitherium,  236,  239. 
Amynodon,  279. 
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intennedius,  280. 
Amynodontidse,  197. 
Anaptomorphiis,  204,  206. 
Anaiilacaspis,  731. 
AnciBna,  14,  17,  28,  51,  71,  81-83,  86. 

infuscata,  7,  58,  71,  74,  86. 

limbata,  7,  71,  74,  86. 
Ancodon,  190,  191. 
Ancyloscelis,  569,  592. 
Andrena,  580. 
Andricus,  294, 320, 360, 361, 370, 371, 400. 

callidoma  callidoma,  381 . 

callidoma  ciiratus,  380. 

cellularius,  371. 

championi,  305. 

cicatriciila,  302.      • 

cicatriculus,  302,  303. 

collaris  coUaris,  379. 

collaris  curvator,  379. 

concoloranB,  302. 

corticis  corticis,  380. 

corticis  gemmatus,  380. 

daaydactyli,  371. 

davisi,  295. 

dugesi,  306. 

durangenBis,  306. 

fcecundatrix  gemin»,  380. 

fcecundatrix  piloeiis,  380. 

fulvicollis,  353. 

fulvicollis  bicoleni,  8M,  381. 

fulvicollis  erinacei,  866,  356,  381 . 

fumacens,  804,  306. 

futilifl,  341. 

futilis  futilis,  841-343,  379. 

futilis  radicicola,  343,  379. 

incomptUB,  306. 

inflator  globuli,  380. 

inflator  inflator,  380. 

malpighii  malpighii,  381. 

malpighii  nudus,  381. 

marmbreiis,  307. 

mezicaniis,  308. 

montezumus,  306. 

noduli  radicis,  378. 

notha,  349,  351. 

operatola,  347. 

operator,  846,  347,  372. 

operator  operatola,  847-349,  380. 


operator  operator,  345,  380. 

osten-fiackeni,  365. 

palustris,  848,  349,  351. 

palustris  compressus,  353,  381. 

palustris  palustris,  849, 350-353, 381. 

papiUata,  341. 

papillatus,  341,  342. 

peUuoidus,  809,  310,  384. 

pereduruB,  305, 810. 

pomiformis,  383. 

punctatus,  295. 

pusulatoides,  350,  351. 

quercifolise,  350. 

radicicola,  343. 

radids,  343. 

radicis  trilineatus,  378. 

ramuli  autumnalis,  378. 

ramuli  ramuli,  378. 

seminationis,  369. 

singularis,  365. 

tectumanim,  812,  384. 

testaceipes  sieboldi,  380. 

testaceipes  testaceipes,  380. 
Anthedon,  593,  600. 
AnthemoSssa,  569,  570. 
Anthony,  H.  E.,  New  Mammals  from 

Jamaica,  46^-475. 
Anthophora,  553, 554, 561, 565, 569, 670- 

583,  588-593,  615,  624. 
Anthophoridse,  549. 
Anthophorin»,  569. 
Anthophoroides,  581,  582. 
Anthophorula,  549,  664-567,  582. 
Anthracotheriids,  190,  191. 
Antiltomyrmax,  407,  406,  423,  424. 
Antistrophus,  387. 
Apateonidse,  114,  226. 
Apathus,  502-505,  509,  514,  517.  539- 

543. 
Aphsenogaster  relic ta,  407. 

relicta  epinotaUs,  407. 
Apheloglossa,  711. 
Apids,  492. 
Apis,  492,  493,  495,  502-604,  520-523, 

539,  544r-547,  554,  570,  615. 
Apterodon,  148, 151. 
Arseoscelids,  130. 
Aneoscelis,  107,  129,  130,  227. 
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Archseohippus,  273. 

ultimus,  270,  271. 
Archsolemur,  109,  203,  205. 
ArcluBolemiirins,  203. 
ArcluBopteryx,  103. 
Archegosauridse,  116,  223,  225. 
Archegosanrus,  116,  225. 
Arctocyonidae.  238. 
Arctomys,  172, 173,  242. 
Arsmoitheriids,  182. 
Arsinoitherium,  182,  184,  244. 
Asclepiadiphila,  387. 
Astenus  binotatus,  703. 

fuscicepe,  704. 

spectrum,  704. 
Astrapotherium,  177,  278,  279. 
Ataxioceras,  670,  689. 

virgulatus,  689,  690. 
Atelerix,  162. 
Atelopus  festee,  446. 
Atheta,  725. 

aspericauda,  726. 

coriaria,  718,  726. 

ftdTioeps,  726. 

macrops,  725. 

testaceipes,  717. 
Atililemur,  206. 
Atta  floricola,  406. 

geminata,  427. 

insularis,  428,  429. 

mantima,  428. 
Aulacidea,  293,  357c,  358,  361,  367-369, 
371,  375,  382,  383-385,  388-396. 
400,401. 

abdita,  296,  386,  388. 

annuUta,  298,  371,  384,  386. 

bicolor,  297,  371,  386,  388. 

hieracii,  385,  387. 

nabali,  371,  386. 

podagWB,  297,  371,  386. 

tumida,  298, 362, 371, 385, 386. 
Aulax,  287. 

glechomsB,  326. 

glechomatis,  326. 

similis,  326, 327. 
Avahis,  205. 

Aylax,  357c,  358,  361,  368,  369,  385-387, 
390-400,  401. 


gillettei,  297. 

i^echomse  326-328,  388,  389. 

hieracii,  363. 

kemei,  388, 389. 

latreiUei,  388,  389. 

papaveris,  389. 

pisum,  362,  385,  388,  389. 

rhoeadis,  389. 

ruf  ufl,  297,  388. 

sal  vise,  388. 

stephanotidis,  388. 

taraxaci,  328. 

Baljsna,  160. 
Balaenoptera,  159, 160. 
Balsnopterids,  159. 
Baryodma  nitidicoUis,  732. 
Basilarehia  archippus  lanthanis,  449. 

floridensis  haUi,  449. 
Bassariscus,  150,  151. 
Belonuchus  formosus,  706. 
Beluga,  160. 
Berosus,  10, 14,  42,  47,  79-81,  83,  85,  87. 

sericeps,  47,  51. 

peregrinus,  7,  47, 48,  51,  81. 

signaticollis,  7, 47. 

spinosus,  7,  47,  49. 

striatus,  7,  47,  51. 
Bettongia,  145. 
Biorhiza,  294. 

aptera,  373. 

forticomis,  374,  382. 

fulvicoUis,  355. 

terminalis,  373,  378. 
Bledius  agonus,  695. 

amatus,  695. 

analis,  697. 

arizonensis,  695. 

assimilis,  697. 

basalis,  698. 

canaliculatUB,  697,  698. 

consimilis,  695. 

cordatus,  698. 

cuspidatus,  696. 

deceptivus,  697. 

dimidiatus,  698. 

episcopalis,  696. 

eximius,  696. 
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fenyesi,  695. 

flavipennis,  695. 

foTaminosus,  697. 

fumatus,  697. 

furtivus,  695. 

gradatus,  696. 

gra vidua,  697. 

ineptus,  695. 

lectus,  696. 

monstratus,  695. 

nigriceps,  695,  696. 

nitidiceps,  697. 

nitidicollis,  697. 

opacifrons,  697. 

philadelphicus,  697. 

piceus,  697. 

politus,  696. 

punctatissimuB,  698. 

regularis,  697. 

relictus,  697. 

rotimdicoUis,  697. 

rubiginosus,  697. 

semiferrugineus,  697. 

specularis,  697. 

strenuuB,  695. 

tallaci,  697. 

tenius,  696. 

turgidus,  696. 
Blepharis  indicus,  285. 

major,  285,  288. 

sutor,  285. 
Boa,  107, 130,  228. 
Boidse,  130. 

Boletobius  pygmsus,  707. 
Bolitochara,  713. 
Bolosaurus,  230. 
Bombias,  W2,  508,  512,  517-519,    525, 

526,  529-532,  638,  539. 
Bombidse,  502. 
Bombomelecta,  574. 
Bombus,  492,  502-643. 
Borboropora,  731. 
Borhyaena,  107,  141. 
Borhysenidffi,  139,  141. 
Bothriceps,  115,  225. 
Brachyceratope,  127. 
Brach>Tnynnex  heeri  obeourior,  481. 
Brachyopidae,  115,  223,  225. 


Bradypodidse,  167. 
Bradypus,  167. 
Branchiosauridse,  114,  226. 
Branchiosaurus,  222,  223,  226. 

amblystoma,  114. 
Bremus,  602, 504, 507, 511, 620,  529, 539, 

545,  547. 
Broiliellus,  115,  225. 
Brontotheriids,  197. 
Bryoporus  nifescens,  706. 
Bufo  coniferus,  446. 

omatus,  118. 

rostratus,  445. 

Cacajao,  210. 
Csenolestes,  144. 
Caenopus,  195,  196. 
Cafius  bistriatus,  706. 
Calamoichthys,  101. 
Callirhytis,  294,  320,  343,  400. 

cicatricula,  302. 

clavula,  344,  345. 

fumessse,  382. 

futilis,  341. 

notha,  349. 

operatola,  325,  347. 

operator,  325, 345, 347. 

palustris,  3^9. 

papillata,  342. 

papillatus,  341. 

pusulatoides,  350. 

quercuB-notha,  360. 

quercus-operator,  346. 

quercus-palustris,  350. 

quercus-papillata,  342. 

radicis,  343. 
Callizzia  certiorata,  490. 
Caloderina,  713. 
Calyptapis,  539. 
Camelidffi,  187,  193. 
CameluB,  193. 
Camponotinae,  431. 
Camponotus  culmicola  haweiti,  439. 

gilviventris,  435. 

gundlachi,  438. 

maculatus  lucayanus,  436. 

planatus,  436. 

santosi,  435. 
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sphseraUs,  403. 

sphsricuB,  403,  436. 

sphsricus  cardini,  438. 

sphsricus  sphseralis,  438. 
Camptosaurids,  126. 
CamptoeauruSy  107,  125-127. 
Canidae,  103, 149, 151. 
Canis,  153. 
Capitosaiirus,  225. 
Capromys,  472. 
Captorhinidffi,  102,  121,  227. 
Captorhinus,  227,  228. 
Caranginse,  291. 
Carangoides,  291. 
Caranx  alexandrinus,  289,  291. 

decliviB,  480. 

gaUus,  288,  292. 

semispinosus,  479. 

symmetricus,  480. 

trachurus  japonicus,  479. 

trachurus  meditemnea,  479. 
Cardiocondyla  emeryi,  406. 
Cardiola,  731. 
Casea,  230. 
CaseidfiB,  102. 
Castor,  172,  173,  242. 
Castoridffi,  173. 
Casuarius,  107,  130. 
Catarrhin®,  210-212. 
Catopyrha,  487. 
Caviidffi,  173. 
Cebid«,  210. 
Cemolobus,  593,  625. 
Centetes,  164,  165,  208. 
Centetid»,  164,  165. 
CentrinsB,  549. 
Centris,  504,  544-548,  549-563,  568-571, 

574,  581,  624, 625. 
Centrolene,  441-445. 

geckoideum,  441. 
Gentrolenella,  441-445. 

antioquiexiBiB,  441-444,  445. 

buckleyi,  442,  445. 
Cephalopus  maxwell i,  270. 

pygmsea,  270. 
Ceratopsidse,  126. 
Ceratotherium,  279. 

simum,  194,  281. 


Cercoleptes,  151. 

Cercyon,  15,  77,  81-83,  87,  88. 

ocellatus,  24. 
Ceroptres,  302,  358. 

cicatriculus,  303. 
Cervidae,  187. 
Cervulus,  187,  275. 
Cetotherium,  160. 
Chaetarthria,  14,  42,  51,  81,  83. 

atra,  7,  51. 
Chalcidid®,  3576. 
Chalepogenus,  M2,  568,  569. 
Chalicotheriidse,  195. 
Champsosaunis,  129,  233. 
Chasmogenus,  65. 
Chelone,  107,  122,  230. 
Chelonidae,  122. 
Chelydosaunw,  222,  223,  225. 
Chilaspis  nitida  lowi,  378. 

nitida  nitida,  378. 
Chinchilla,  471. 
Chiroleptes,  443. 
Chiromyidffi,  203. 
Chiromys,  110,  203,  205. 
Chironectes,  139. 
Chironomids,  69. 
Chitalia,  731. 

Chlorsuipilates  bicoloraria  arizonaria,  486. 
Chlorochlamys  masonaria,  484. 
Choleva,  80. 
Chriacus,  238. 
Chr>'8othrix,  210. 
Citula,  291. 
Claenodon,  238. 
Cleora,  488,  489. 

obliquaria,  488. 
CUdomys,  469,  471-474. 

osbomi,  469-474. 

panrus,  471,  472,  474. 
Clisodon,  574, 576,  580,  582,  583. 
Cnemidium,  545. 
Cochleosaurus,  225. 

Cockerell,  T.  D.  A.,  Some  Neotropical 
Meliponid  Bees,    459-468.      See 
also  Lutz  and  Cockerell. 
Coelostoma,  77,  81,  87. 
Coenooalpe  aurata,  486. 
Coenocharis  macdunnoughi,  488. 


Digitized  by 


Google 


738 


INDEX 


ochrofuscaria,  488. 
Colobopsis,  403, 436-439. 
Colonoceros  agrestis,  195. 
Colpodota  pygnuea,  727. 
Comstock,  W.  P.,  see  Watson  and  Corn- 
stock. 
Conoryctidffi,  166,  167. 
Conosoma  basalis,  706. 

omatum,  706. 

scriptus,  706. 
Conotelus,  466. 
Corythosaurus,  127,  128. 
Crematogaster  sanguinea,  425. 

sanguinea  ataviflta,  425. 

sanguinea  sotolongoi,  425. 

sanguinea  torrei,  425. 

victima  cubaansit,  425. 

victuna  steinheili,  426. 
Creniphilus,  71. 

Creophilus  maxiUosus  villosus,  706. 
Creotarsus,  243. 
CriceticUe,  173. 
Cricotus,  101. 
Crocodylidffi,  228. 
CroBSomyrmez,  406,  421,  422. 
Crossarchus,  152,  153. 
Ciyniphilus,  71,  74. 
Cryptobranchus,  224. 
Cryptocerus,  430. 
•     haemorrhoidalis,  430. 

varians,  430. 
Cryptoprocta,  153, 156. 
Cryptorhopalum,  465. 
Cyanocentris,  550-562. 
Cyclopes,  169-171. 
Cyclotosaunis,  116,  225. 
Cyclura,  107,  130. 
Cyloma,  81,  82. 
Cymatophora  minuta,  487. 
Cymbiodyta,  14,  22,  42,  66,  76,  80-83, 
86,88. 

blanchardi,  8,  56-58,  61. 

fimbriata,  8, 10,  56,  67-59,  61,  a5. 

lacustris,  56. 

rotunda,  56. 
Cynipidap,    293-317,    319-357,    3o7a-c, 

358-402. 
Cynips,  294,  320,  358,  368,  397,  400. 


batatus,  333. 

cicatricula,  302. 

concolorans,  302. 

divisa  divisa,  379. 

divisa  verrucosus,  379. 

ennacei,  354. 

folii  folii,  379. 

folii  taschenbergi,  379. 

fulvicollis,  355. 

futiilis,  341. 

futilis,  341. 

^echomfle,  326. 

guatemalensis,  308. 

longiventns  longiventris,  379. 

longiventris  similis,  379. 

megaptera  megaptera,  381. 

megaptera  renum,  381. 

noxiosa,  336. 

operator,  325,  345. 

pallida,  373,  374. 

pallida  aptera,  378. 

pallida  pallida,  378. 

papillata,  341. 

quercus-aquaticse,  350. 

quercus-batatus,  333. 

quercus-erinacei,  355. 

quercus-futilis,  341. 

quercus-notha,  349. 

quercu^-operatola  325,  347. 

quercus-operator,  324,  345. 

quercus-palustris,  349. 

quercus-papillata,  341. 

quercus-podagrse,  295. 

quercus-punctata,  295. 

ross,  328. 

scutellaris,  379. 

sulcatus,  398. 

tuberculosa,  294. 
Cynodictis,  151. 

Cynognathus,  133,  134,  228,  232. 
Cynosucbus,  134,  232. 
Cystophora,  158. 

Dactyliocbras,  670. 
Danaus  berenice,  449. 
Dapedius,  220. 
Dapbsnus,  149, 151. 
Dascyllidse,  58. 
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Dasiapis,  583,  609. 

Dasyceps,  223,  225. 

Dasycosymbia  gracilata,  484. 

Dasypodidae,  108,  167. 

Dasypufl,  167. 

Dasyuricte,  108,  142,  143. 

Dasyurinffi,  142. 

Dasyunis,  142,  143,  168. 

Daubentonia,  203. 

Dawsonia,  223,  226. 

Deinopfiis  myllsenoides,  707. 

Delphinidse,  160. 

Deltatherium,  146,  148,  208,  215. 

Demera,  730. 

Dendrepeton,  225. 

Dendroctonus,  12. 

Dendrohyrax,  109,  184,  185. 

Desmotetrapedia,  562. 

Diadasia,  569,  583,  684-587,  592,  595- 

602,  608,  613,  614. 
DiadasieUa,  562,  564,  587. 
Diadectes  121,  227,  228,  230. 
Diadectidffi,  101, 121,  227. 
Diademodon,  232. 
Diadiapborus,  109,  175,  176. 
Diastrophus,  293, 358-363, 368-371,  375, 
383,  390,  391,  399-401. 

cuscutoformis,  390. 

fragariae,  300,  389. 

fusifonnans,  300. 

^echonue,  326. 

kincaidi,  371. 

nebulosus,  370,  371. 

rubi,389,391. 

similis,  326. 

siminis,  327. 

tumefactus,  299. 
Diceratosaurus,  226. 
Dichobune,  108,  187. 
DicbobunidflB,  186,  187,  243. 
Dichorda  phoenix,  484. 
Dicotyles,  267. 

pecari,  191. 
DicotylidflB,  193. 
Dicynodon,  131,  132. 
Dicynodontida?,  132. 
Didelphis,  108,  139,  130,  145. 
Didelphyidse,  140. 


Didymictis,  239. 
Diestota,  711,  717. 

laticomis,  717. 

mayeti,  717. 
Dimetrodon,  123,  230. 
Dinoceras,  181. 
Diochus  schaumi,  704. 
Dipedia,  587,  592. 
Diplocaulidae,  155,  226. 
Diplocauliis,  115,  226. 
Diplocynodon,  125. 
Diplolepis  bedeguaris,  328. 

bedeguaris  fungosse,  328. 

^echomse,  326. 

rosse,  328. 
Discosaurus,  225. 

Disholcaspis,  293,  308,  310,  357c,  358, 
361,  368-371,  383,  SWT^Ol. 

arizonica,  398. 

brevipennata,  398. 

centricola,  398. 

cinerea,  365. 

cinerosa,  316,  317. 

douglasi,  398. 

fungiformiB,  312,  397. 

globulus,  399. 

heynei,  316 

maculipennis,  398. 

plumbella,  314. 

pruniformifl,  315. 

truckeensis,  398. 

unicolor,  316,  365. 

weldi,  398. 
DissorhophidfiB,  115,  223,  225. 
Ditropalia,  713. 
Dolichoderinse,  431. 
Dolichosoma,  226. 
Dolicho8trophu8,  394. 
Dorcatherium,  187. 
Dorylonilla.  730. 
Dorymyrmex  pyramicus,  431. 

pyramicus  niger,  431. 
Drepanopora,  730. 
Dromseidap,  130. 
Dromocyon,  148. 
Dryophanta,  294,  307,  315,  398. 

aquaticse,  351. 

bella,  310. 
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centricola,  310,  398. 

disticha,  369. 

douglasi,  398. 

dugesi,  310. 

erinacei,  354. 

laurifoluB,  351. 

libenecellulae,  350,  351. 

notha,  349. 

nubila,  310. 

palustris,  349. 

papula,  342. 

nibne,  310. 
Dysstroma,  484. 
Dytiscidffi,  10,  58. 

ECCOPTOGLOSSA,  731. 

Echidna,  139. 

Echidnidse,  139. 

Echinops,  164. 

Ecitonilla,  730. 

Ectocion,  245. 

Ectoconufl,  180,  244. 

EdaphosauridflB,  102,  122,  227. 

Edaphosaurus,  230. 

Eidolon,  200. 

Elachistarthron,  714, 716, 717. 

ambiguum,  716,  718. 
SUchistarthronixii,  714. 
Elasmodontomys,  471. 

obliquus,  470. 
ElephantidsB,  183. 
Elephantulus,  198. 
Elephas,  109,  183,  244. 
Eleutherodactylus  martinic-ensis,  441. 
EUipsoglossa,  119. 
Elopidse,  112. 
Elops,  220. 
Elotheriidae,  190. 
Emeryella,  407. 
Empbor,  687,  588,  599,  608. 
Emphoropsis,  571-576,  688-593. 
Enochrus,  65. 

Entechnia,  674,  580,  691-593,  605,  613. 
Entelodon,  190. 
Entelodontidw,  190,  193. 
Eodelphis,  139. 
Eohippus,  195,  248. 
Eomoropus,  195. 


Eoserpeton,  226. 

Eosiren,  184. 

Epanorthids,  140. 

Epeicharis,  562,  668,  569. 

Epicharis,  550,  553,  557,  561,  682-564. 

Epicharoides,  557,  663,  564. 

Epimelissodes,  593,  696,  598. 

Epimetopus,  14,  42,  61,  81,  83. 

Epiplatymetra  lentifluata,  490. 

Epiplemids,  483,  490. 

Epistylus,  11. 

Epitritus  emms,  341. 

Equidse,  109,  195,  265,  266,  282. 

Equus,  269,  272,  274-276. 

Erchomus  laevis,  706. 

ventriculus,  706. 
Erignatbus,  158. 
Erinaceidffi,  109, 162, 240. 
Erinaceus,  162, 163,  208,  216. 
Erpetosaurus,  226. 
Eryopidae,  116. 
Eryops,  101,  116,  225. 
Erythro8Uchid«,  102. 
Escbatocerus,  3576. 
Estbonyx,  103. 
Eubotbrus,  387. 
Eucera,  583-587,  591-594,  597,  604,  612, 

615,  623,  624. 
Eucerinae,  549,  693. 
Eucbaris,  563,  564. 
EuoblflBna  lutsi,  483,  489. 
Eudiestota,  711. 
Eufriesia,  544. 
Euglossa,  644-549. 
Euglossidse,  544. 
Eugnatbus,  221. 
Eulsma,  644-549. 
Eulema,  544-548. 
Eumetopias,  109,  157. 
Eumicrota  anomala,  718. 

comiscula,  718. 

insoUU,  719. 
Eumorpba,  644,  545,  549. 
Euparkeria,  107,  123-128,  228. 
Eupithecia  flavigutta,  486. 

subcolorata,  486. 
Euponera  stigma,  404. 
Euprotogonia,  245. 
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EiirhinodelphiSy  160. 
EuiytomidaB,  301. 
Eusipalia,  711. 
Eusthenopteron,  219. 
Eusynhaloiiia,  594,  615. 
Euthyglossa,  594. 
Exaleochara,  720. 

ExomalopBis,  549,  562,    664-568,    574, 
587,  611,  612,  627. 

Falagria,  731. 
FalagrisB,  730. 
Falagriota,  731. 
FeUcUe,  103,  156. 
Femaldia  fimetaria,  486. 

partitaria,  486. 
Fiber,  172. 

FigiticUe,  3576,  358,  359. 
Fiorentinia,  568. 
Fioriella  marianii  marianii,  378. 

marianii  meunieri,  378. 
Florilegus,  694, 600, 603, 605, 609, 620. 
Formica  simillima,  406. 

Galaginjb,  204, 205. 
Galago,  109,  204,  205. 
Galeopithecicbe,  198. 
Galeopithecus,  198,  200,  215. 
Galesauridse,  1^3. 
Gallichthys,  286. 

aegyptiacus,  285,  289,  291. 

chevola,  285. 

ciliaris,  285. 

crinituB,  285. 

gallus,*285. 

major,  285,  288. 
Gallus  alexandrinus,  289,  291. 
Gaistrolobium  bicolor,  701 . 
Gastropbsna,  713. 
Genetta,  153, 156. 
Oenosema,  720. 

86ziiali8»  721. 
GeometridfiB,  483,  484. 
Gillettia,  388. 
Glaucina,  488. 

erroraria,  487. 

escaria,  487. 

eupetheciaria,  487. 


macdunnoughi,  488. 
pygmeolaria,  487. 
Glossura,  644,  546,  548,  549. 
Glyptopomus,  219. 
Gnypeta  floridana,  730. 
Gomphognathus,  134,  135. 
Gonapsis,  369,  390,  891,  400,401. 
cuscuteeformis,  391. 
potentilkD,391. 
Gonodontis  distycharia,  490. 
GorgoDopsidse,  133. 
Grsefia  smithi,  489. 

Gregory,  W.  K.,  Studies  in  Comparative 
Myology  and  Osteology,  No.  IV. 
— A  Review  of  the  Evolution  of  the 
Lacr3rmal   Bone   of   Vertebrates, 
with  Special  Reference  to  that  of 
Mammals,  95-263;    No.  V.— On 
the  Anatomy  of  the  Preorbital 
Fossae  of  Equidse  and  other  Un- 
gulates, 265-284. 
Grossouvria,  670. 
Gryposaurus,  107,  126,  127. 
Gundlachia,  550,  552. 
Gymnarthridae,  102. 
Gymnura,  162-164. 
Gyrinophilus,  119. 
Gyrohypnus  luteiventris,  704. 

temporalis,  704. 
GjTophaena,  723. 
floridana,  719. 
Isetula,  719. 

Habropoda,  577,  688-591,  593. 

HalnMBUsa,  710,  711. 

Halmaturus,  143,  145. 

Haltarodon,  see  errata. 

Hapalemur,  204. 

Hapalops,  167,  168,  240. 

Haploceras  fialar,  644. 

Haploconus,  180,  181. 

Harpagolestes,  148. 

Hatteria,  130. 

Hegetotheriidff,  179. 

Hegetotherium,  108,  178,  179. 

Heleioporus,  443. 

Heleophryne,  443. 

Helochares,  14, 42, 61, 62, 80, 81, 83, 86, 88. 
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lividus,  8,  62. 

maculicollis,  8,  61,  62,  65. 

nonnatus,  65. 
Hdocombus,  66,  62,  80,  81. 

bifidus,  8,  56. 
HelophorinjB,  17, 22,  80. 
Helophorus,  5, 11-17,  27,  28,  80-84,  87. 

aquaticus,  5,  18,  80. 

granulans,  5,  17,  18. 

lacustris,  5, 17, 18. 

linearis,  17. 

lineatus,  17. 

micans,  5. 

rufipes,  5. 

rugosus,  17. 

schmidti,  5. 

viridicollis,  5, 17. 
Hemesia,  544,  54^561,  568. 
Hemicentetes,  164. 
Hemigalago,  205. 

Heodes  hypophlsas  hypophbeas  bankii, 
454. 

hypophlsas    bypophbeas    fasciata, 
454,455. 

h3rpophl£eas    bypophbeas    fulliolus. 
454. 

bypopbkeas  bypopblsas  obliterata, 
454. 

xantboides  luctuoMt,  453. 
Heptacodon,  191. 
Hesperobium  cinctum,  701. 
Heterocentris,  560,  553,  555,  568. 
Hilara,  726. 

fulviceps,  727. 

palleola,  727. 
Hipparion,  266,  268. 
Hippopotamidse,  190,  191. 
Hippopotamus,  190. 
Hippotberium,  270,  271. 
Hister,  80. 
Holcaspis,  397,  398. 

globulus,  295. 
Holoptycbius,  219. 
Homacodon,  186,  217. 
Homalodontotberium,  177. 
Homo,  109. 
Hoplandria,  720,  723. 

debilis,  721. 


lateralis,  719. 

ocbracea,  719. 

pulcbra,  719,  721. 
Homia,  570,  576. 
Hyaenids,  103,  156. 
Hyaenodon,  147, 151,  218,  239. 
Hysnodontidse,  147,  148,  208,  243. 
Hydrsna,  15,  84,  28,  78,  81,  82,  84. 

pennsylvanica,  6,  24. 
Hydrseninse,  21,  80. 
Hydriomena  clarld,  483-486. 

furcata,  485. 

neomexicana,  486. 

speciosata,  485. 
Hydrobiinae,  15,  22, 48,  60,  80. 
Hydrobiini,  80,  82. 
Hydrobius,  12, 14, 61, 66, 80-86. 

fuseipes,  4,  7,  12,  51,  52,  66,  56. 

globosus,  7,  12,  51,  68,  55,  58. 

scabrosus,  55. 

tesselatus,  55. 
Hydrocharis  obtusatus,  4. 
HydrochoerinsB,  173. 
Hydrochcerus,  109,  173,  174. 
Hydrochoin»,  27,  80. 
Hydrochoini,  80. 
Hydrochous,  15,  87,  28,  81-85. 

excavatus,  27. 

scabratus,  27,  28. 

squamifer,  6,  24,  27,  89. 
Hydrophilidse,  1-94. 
Hydropbilinffi,  31, 35, 80. 
Hydrophilus,  3,  10,  14,  16,  31,  35,  38, 
39, 81,  83,  85,  86, 88. 

caraboides,  6,  31. 

glacus,  33. 

obtusatus,  6, 15,  31,  46,  86. 
Hydroscapba,  14, 15, 82, 84. 

natans,  4,  6. 
Hydroscaphidse,  80. 
Hydroscaphinae,  27,  80. 
Hydrous,  3,  9-11,  14,  31,  32,  35,  39,  81, 
83, 85, 86, 88. 

aterrimus,  6,  39. 

piceus,  6,  39. 

triangularis,  4,  6,  15,  39,  40,  41,  88. 
Hyla,  441. 

prosoblepon,  442. 
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Hylella,  441,  445. 

buckleyi,  442. 

ocellata,  442,  444. 

parambee,  442,  444. 

tenera,  442. 
HyUdae,  443. 
Hylodes  anomalus,  441. 
Hylonomids,  226. 
Hyloplesion,  226. 
Hyloscirtus,  443. 
H3mni8  alexandrinus,  285,  286,  290. 

cubensis,  285-289,  290,  292. 

goreensis,  285,  286,  288-291. 

hopkinsi,  285,  286,  290,  292. 
HyopeodonticUe,  175,  245,  246. 
Hyopeodufl,  175, 176,  215,  244. 
H3rperodapedon,  129. 
Hypocrjrptocerus,  430. 
Hypohippus,  269,  270,  273,  278. 
Hyptioma,  704. 
Hyrachyus,  194, 195. 
Hyracidae,  185. 
Hyracinse,  185. 
Hyracodon,  195, 196. 
H3rracodonticUe,  195,  196. 
H3rracodontiiisB,  196. 

Ibaua,  360. 

Icbneumia,  152,  153. 

Ictidopsis,  133,  134,  228,  232. 

Ictops,  162, 240. 

Idoceras,  643,  644,  669,  670. 

Iguana,  228. 

Iguanidse,  130. 

Iguanodon,  125. 

Incisalia  polios  davifli,  453. 

Indris,  205. 

Indriaidae,  203,  205,  209. 

IndrisinsB,  203. 

InteratheriidiB,  179. 

Interatherium,  109,  179. 

Ischyromyidffi,  173,  241,  242. 

Ischjrromys,  174. 

Isectolophus,  195. 

Isocolus,  387. 

Itame  octolineata,  487. 

Kalobatippus,  269. 


Keraterpeton,  226. 

Kinsey,  Alfred  C,  New  Species  and 
Synonymy  of  American  Cynipidae, 
293-317;  Life  Histories  of  Ameri- 
can CynipidiB,  319-357;  Phylo- 
geny  of  Cynipid  Genera  and  Bio- 
logical Characteristics,  357a-c, 
358-402. 

Kogia  breviceps,  161. 

Kritosamiis,  126,  127. 

Labidosaurits,  121,  227,  230. 
Laccobius,  14,  42,  43,  44,  71,  73,  79,  81, 
83,  85,  87. 

agilis,  7,  43. 

minutus,  43,  46. 
Lacerta,  98,  99,  107,  131. 
Lagostomus,  471. 
Lasius,  555,  561. 
Latax,  109,  155,  156. 
Lathrobiella  ventralis,  702. 
Lechriodus,  443. 

Lemur,  109, 110,  200-205,  209, 215. 
Lemuridffi,  201,  204,  206,  209. 
Lemurinse,  201. 
Leonidia,  571. 
Lepidoeteidie,  112. 
Lepidosteus,  112,  220,  221. 
Lepidotus,  220,  221. 
Lepilemur,  203. 
Leptadapis,  201,  202. 
Leptergatis,  569, 587, 692,  593. 
Leptictidffi,  109,  162, 163,  166,  240. 
Leptodactylidff,  441,  443. 
Leptodactylus  lineatus,  441. 

melanonotus,  441. 

mystaceus,  441. 
Leptogenius  brevicomis,  704. 
Leptogenys  puncticeps,  404. 
Lepus,  174. 
Licapbrium,  176. 
Lichanotus,  205. 
Limnebiinae,  20,  22,  80. 
IJmnebiini,  80. 
Limnebius,  14,  15,  21,  23,  78,  81,  82,  84. 

discolor,  5,  21. 
•     truncatellus,  5,  21. 
Limnocyon,  146,  151. 
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Limnoscelicte,  102,  121,  227. 

limnoeoelis,  121,  227-229. 

Lino^oesa,  711. 

linolathra  dimidiata,  702. 

Liodee,  80. 

Liposthenes  glechomatis,  326. 

Ldspinus  tenellus,  693. 
tenuis,  693. 

Lisposthenes,  387. 

Lissagria,  731. 

Lithocharis  ochracea,  702. 

Lithocharodes  nigripennis,  704. 

Lophagria,  730. 

Lophiomys,  173. 

Lophomuctar,  720, 722. 
lOTicollis,  722. 

Lorinota,  731. 

Loris,  205,  207. 

Lorisidae,  204, 205,  216. 

Lorisinse,  204. 

Loxomma,  116,  118,  225. 

Loxommatidse,  116,  225. 

Lutra,  109,  148,  155,  166. 

Lutz,  Frank  E.,  and  Ckxikerell,  T.  D.  A., 
Notes  on  the  Distribution  and 
Bibliography  of  North  American 
Bees  of  the  Families  Apidae, 
MeUponidse,  Bombid^e,  Eu^ossi- 
d«,  and  Anthophoridae,  491-^41. 

Lycosuchus,  134. 

Lydekkerina,  225. 

Lystrosaiuns,  234. 

Lytorhodites,  391,  392,  400. 

Macaria  pictipennata,  486. 

simulata,  486. 

s-signata,  486. 
Macrauchenia,  177. 
Macrocera,  594,  597-599,  608,  610,  611, 

615,  625. 
Macroglossa,  594,  622,  623. 
Macroglossapis,  594,  622,  623. 
Macromischa,  407-423. 

aflanifl,  407-^10,  417. 

albispina,  408,  409, 424. 

albispina  pallipes,  424. 

allardycei,  407-409,  414»  415. 

androsana,  407-409,  416. 


cressonia,  408. 

flavidula,  408,  424. 

flavitanis,  408, 410, 420. 

fii8caU,408,410,420. 

gundlachi,  408. 

iris,  408, 410,  422. 

isabelbe,  408,  409. 

Iffivissima,  408,  409. 

lucayensis,  408. 

Iugen8,408,410,419. 

pastin^era,  407-409, 414. 

pastinifera  opacipes,  407,  409. 

poeyi,  408. 

porphyritis,  408,  410,  418. 

pulchella,  408,  409,  424. 

punicans,  408,  418. 

purpurata,  408, 410, 411,  417. 

sallei,  407-409. 

sallei  ha3rtiana,  407,  409. 

8alvini,408,410,421. 

salvini  obscurior,  410,  421. 

■cabripes,  408,  409,  416,  417. 

schwani,  408,  415. 

splendens,  407,  408,  410,  417. 

squamifera,  408,  410,  417. 

squamifera  atrinodis,  410,412, 413. 

subdetiva,  408,  409. 

terricola,  408,  409,  428,  424. 

versicolor,  408,  421. 

wheeleri,  408,  410,  417, 422,  423. 
Macropodidse,  144. 
Macropus,  108,  144,  267. 
Macroscelides,  198, 199. 
Macroscelididae,  198,  199. 
Manatidae,  182. 
Manatus,  182,  184,  216. 
Manderstjemia,  394. 
Manidffi,  170. 
Manis,  107,  170,  171,  213. 
Mann,  Wm.  M.,  Additions  to  the  Ant 
Fauna  of  the  West  Indies  and 
Central  America,  403-439. 
Manteoceras,  197. 
Manteoceratinse,  197. 
Marmosa,  139. 
Martinella,  594,  605. 
Mastodon,  109,  180,  183. 
Mastodonsaurids,  116,  225. 
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Mastodonsaurus,  101,  225. 

Megaladapinie,  201. 

Megaladapis,  201-203. 

Megalichthys,  219. 

Megalohyrax,  109, 184, 185,  216,  218. 

Megalonychids,  167. 

Megalonyx,  166. 

Megamys,  471. 

Megilla,  554,  555,  561,  565,  580. 

Melanerpeton,  114,  226. 

Melanocentris,  550-561,  568. 

Melecta,  576. 

Meles,  154,  156. 

Meliphila,  591. 

Melipona,  49a-501. 

fasciata  barticensis,  459,  460. 

fasciata  costaricensis,  459. 

fasciata  cramptoni,  469,  460. 

fasciata  panamica,  459. 

favosa,  460. 

intermixta,  460. 

interrupta  oblitescens,  460,  463. 

lateralis,  460. 

lateralis  lateralis,  461. 

lateralis  intermixta,  461. 

lateralis  kanffarumentis,  461 . 

oblitescens,  467. 

pseudocentris,  461. 

quadrifasciata,  460. 

quadrifasciata  callura,  461. 
Meliponid^e,  492. 
Melissoda,  595. 
Melissodes,  539,  566,  567,  583-587,  591- 

594,  696-627. 
Melitoma,  591-593. 
Meliturgopsis,  588,  593. 
Melosaurus,  225. 
Meniscotheriid^e,  175,  245,  246. 
Meniscotheriuro,  108,  175,  176,  245,  246. 
Morychippus,  266,  269. 
Mesohippus,  193. 
Mesoleuca  interrupta,  486. 
Mesonychidae,  103, 148,  208,  239. 
Mesoplodon,  159,  161. 
Mesopropithecus,  205. 
Mesotbea  viridipennata,  484. 
Metachirom3r8, 168. 
Metamynodon,  197,  279,  280. 


Metopias,  225. 

Metrocampa  perlata,  489. 

Miacid^e,  103,  148,  149,  238. 

Miacis,  239. 

Micranthophora,  570-573,  575,  577,  581, 

593. 
Microbracbids,  226. 
Microbracbis,  226. 
Microdota  amicula,  727. 
Microgale,  164. 
Micropholidie,  115,  225. 
Micropholis,  113-115,  223,  225. 
Midas,  211. 
Mioctenidae,  245,  246. 
Mioclsenns,  215. 
Miohippus,  269,  270. 
Mioxicebus,  204. 
Mixtotherium,  186. 
MoeritheriidaB,  182,  245. 
Moeritherium,  180,182,  244,  245. 
Mongos,  152, 156. 
Monoclonius,  127. 

Monomorium    carbonarium    ebeninum, 
406. 

floricola,  406. 

stolli  floridanus  lucayanus,  406. 
Moropus,  195. 
Moschops,  132,  133. 
Mus,  172. 

Mustela,  153,  155,  156. 
MusteUdse,  103,  154r-156,  213. 
Mycetes,  210,  211. 

Mycocepurus  smithi  borinquenensis,  430. 
Mycterosaurus,  107,  122,  123,  227,  230. 
Myllsena,  707. 

abdita,  709. 

arcana,  708. 

audax,  709. 

brevicollis,  709. 

brevivestis,  709. 

cuneaU,  708, 710. 

curraz,  708,  710. 

decreta,  709. 

dissimulans,  708. 

dubia,  708. 

esuriens,  708. 

fenyesi,  709. 

frivola,  709. 
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fuflcipennis,  708. 

immunda,  709. 

impellens,  709. 

infuscata,  709,  710. 

insipiens,  707. 

insomnis,  708. 

intermedia,  708. 

ludificans,  709. 

minuta,  707,  708. 

molesta,  708. 

obscurata,  709. 

procidua,  708. 

scobinella,  709. 

umbra,  708. 

vegeta,  709. 

vulpina,  707,  708. 
Mylodontidffi,  168, 169. 
Myonycteris,  200. 
Myrmecobiinae,  142. 
Myrmecobius,  142,  143,  171,  186,  207- 

209,  215,  217,  236. 
Myrmecophaga,  168,  169,  216,  218. 
Myrmecophagids,  108,  169. 
Myrmelachista  ambiguaramulonim,  435. 

rogeri,  434. 

rogeri  rubricept,  434. 
Myrmeurynota,  435. 
Myrmicinffi,  405. 
Myrmobrachys,  435. 
Myrmoturba,  435. 
Mystriosuchus,  107,  125,  228. 

Naosaurus,  107,  122,  123,  227,  230. 

Nasua,  151. 

Necrolemur,  109,  204, 206. 

Necrolemuridff,  204. 

Neobisnius  umbripemiis,  705. 

Neomoria  festaria,  484. 

junctolinearia,  484. 

pistaciaria,  484. 
Nesodon,  177, 178. 
Nesomyrmex,  407. 

Nesopbontes,  103,  163,  166,  208,  240. 
Nesopitbecus,  207. 

Neuroterus,  342,  356,  358,  361,  368,  369, 
372,  375,  376,  39i-396,  400,  401. 

albipes  albipes,  377. 

albipes  Isevisculus,  377. 


aprilinus,  396. 
aprilinus  aprilinus,  378. 
aprilinus  achlechtendaU,  378. 
baccarum  baccarum,  377. 
baccarum  lenticularis,  377. 
batatus,  888, 334, 365,  373. 
batatus  batatus,  335,  377. 
batatus  biMZualis,  884,  377. 
catesbsei,  395. 

fumipemiis  fumipennis,  377. 
fumipemiis  tricolor,  377. 
notha,  350. 

noxiosus,  886,  365,  373. 
noxiosus  noxiosus,  338,  377. 
noxiosus  TemAlis,  887, 377. 
numismalis  numismalis,  377. 
numismalis  vesicatrix,  377. 
pacificus,  334. 
quercus-batatus,  334. 
rileyi,301. 
tectus,  338. 

tectus  abundans,  339. 
tectus  tectus,  339. 
thompsoni,  301. 
virgens,  395. 
Nichols,  John  Treadwell,   Hynnu   and 
Alectis  in  The  American  Museum 
of  Natural  History,  285-292;   A 
Key  to  the  Species  of  Tradnirus^ 
477-481. 
Noble,  G.  K.,  Two   New   Batrachians 

from  Colombia,  441-444. 
Notharctinse,  201. 
Notharctus,  100,  109,  200-202,  205,  207, 

209,  212. 
Nothodectes,  215. 

Notman,   Howard,   Staphylinidie  from 
Florida  in  the  Collection  of  The 
American    Museum   of    Natural 
History,    with    Descriptions    of 
New  Genera  and  Species,  693-732. 
Nycticebid«,  204,  209. 
Nycticebus,  205,  207. 
Nyctosaurus,  128. 
Nylanderia,  431, 432. 
Nyrania,  225. 

OCHETOCERAB,  681. 
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canaliculatum,  681-683,  686,  689. 

canaliculatum  burckhardti»   681- 
686. 

mexicanum,  686-689. 
Ochthebiufl,  14,  15,  21,  24,  25,  28,  81,  82, 
84. 

foveicollis,  22. 

holrabergi,  21. 

impressus,  5,  21,  22. 

lejolisi,  21. 

punctatus,  5,  21. 

quadricollis,  5,  21. 

steinbuehleri,  5. 

steinbiihleri,  21. 

subinteger  lejolisi,  5. 

tuberculatus,  5,  21,  28,  24. 
O'Connell,  Marjorie,  The  Jurassic  Am- 
monite Fauna  of  Cuba,  643-692. 
Octodon,  475. 
Odobsenidffi,  157. 
OdobsBnus,  157. 
Odontomachus  hsmatoda  notata,  404. 

hfematoda  insularis  pallens,  405. 

bsmatoda  insularis  ruginodis,  404. 

bsmatoda  insularis  wheoleri,  405. 
Oligota  parva,  710. 
Omaliiun  humerosum,  693. 
Omoschema,  731. 

laticeps,  732. 
Onohippidium,  266,  268,  275-278,   280, 

282. 
Onychodectes,  166,  167,  215,  421. 
Ophiacodontidse,  102. 
<^hio5inina,  704. 

rufa,  705. 
Opolemur,  206. 
Oreodon,  193,  270. 
Omithorhynchid^e,  139. 
Omithorhynchus,  137,  139,  234. 
Omithosuchus,  128. 
Orthodiatalus,  714-716,  717. 

innotabilis,  716-718. 
Orycteropodidae,  170. 
Orycteropus,  108,  170,  171,  216,  218. 
Osorius,  698. 

brevicomifl,  698. 

latipes,  699. 

politus,  698. 


Osteokemus,  125. 
Osteolepid^e,  101. 
Osteolepis,  111,  219. 
Osteophorus,  225. 
Otariid^e,  156, 158. 
OxysenidBe,  146. 
Oxyclffinid^e,  103,  146,  238. 
Oxytrigona,  495. 

Pachykukhob,  108,  174,  178,  179. 
Psederus  floridanus,  701. 

littoreus,  701. 

obliteratus,  701. 
Palsanodon,  168,  215. 
Palsohatteria,  129,  233. 
Palttomastodon,  180,  245. 
Palseoniscid^e,  220. 
Palsopropithecus,  205. 
Palttoryctes,  163,  240. 
Palsothentes,  108, 140, 145. 
Palffiothentidse,  140. 
Palseotherium,  282. 
Palaminus  con  tortus,  701. 

testaceus,  701. 
Paloplotberium,  282. 
Pan,  201. 

Pantolambda,  180,  243,  244 
Pantolestes,  165. 
Pantylidae,  102,  120,  121,  227. 
Pantylus,  102,  121,  227-230. 
Paracymus,  14,  17,  28,  42,  51,  74,  81-88. 

seneus,  7. 

subcupreus,  7,  24,  58,  71,  74. 
Parahippus,  269. 
Paramys,  172-174,  242. 
Parasilusa,  711. 

Pariasauridae,  101,  120,  121,  227. 
Pariasaurus,  120, 121, 227, 228, 230. 
PariotichidsD,  102. 
Patriocetus,  160. 
Patriofelis,  239. 
Pectusa,  711,  717. 
Pedetes,  173, 174. 
Pedetidae,  173. 
Pediaspis  aceris  aceris,  379. 

aceris  sorbi,  379. 
Pelosaurus,  223-226. 
Peltooeras  bimmamatum,  689. 
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transversarium,  673,  675,  686. 
Pelycodus,  202. 
Peponapis,  614,  623-626. 
Perameles,  140,  143. 
Peramelidffi,  108,  140. 
Perchoerus,  108,  191,  193. 
Periclistus,  358. 
Periptychidse,  181,  243,  246. 
Perisphinctes,  644,  646,  647,  669,  670. 

alterniplicatus,  680. 

cubanentis,    646,    64a-663,    667, 
668, 677,  778. 

cubanensis  a,  660-663. 

cubanenais  /3,  662-663. 

delatorU,  668-670. 

durangensis,  660. 

healeyi,  671-674. 

orbignyi,  670-674-679. 

plicatilis,  670-680. 

pUcatiloidet,  646,  670-680. 
Perisphinctinse,  644,  645,  658. 
Perodicticus,  109.  204. 
Phacochoerinae,  192. 
Phacochoerus,  192, 193, 216,  218. 
Phaenonotum,  77,  81,  83,  87. 
Phseoura  mexicanaria,  489. 
Phalangista,  108,  145. 
Phanacis,  358,  369,  400,  401. 

centaurece,  297,  388. 
Phascolarctos,  108. 
PhascolomyidiB,  144. 
Phascolomys,  108,  144,  145,  216. 
Phasiane  tenebrosata,  487. 
Pheidole  androsana,  426. 

androsana  bakeri,  426. 

cubaensis  graji,  426 

fallax,  426. 

flavens,  427. 

flavens  asperithorax,  427. 

flavens  asperithorax  semipolita,  427. 

punctatissima,  427. 

punctatissima  annectens,  427. 
Phenacodontidffi,  175,  245,  246. 
Pbenacodus,  108,  175,  176,  245,  246. 
PhUonbt,  294,  320. 

compressa,  352,  353. 

erinacei,  355. 

fulvicollis,  355,  356. 


hirta,  365. 

pezomachoides,  365. 
Philonthus  alumnus,  706. 

flavoUmbatus,  706. 

fulvipes,  706. 

gopheri,  706. 

hepaticus,  705. 

lomatus,  706. 
Philotes  enoptes  mojaye,  455. 

sonorensis  sonoralba,  456. 
Philydrus,  14,  56,  58,  62,  63,  66,  76,  80- 
83,  86,  88. 

cinctus,  8, 56,  65, 70. 

consors,  65.  • 

hamiltoni,  8,  65,  70. 

nebulosus,  8,  65,  66,  69,  70. 

ochraceus,  8,  65,  70. 

perplexus,  8,  65-67,  69,  70. 

testaceus,  8,  65, 
Phlaocyon,  150,  151. 
Phoca,  158. 

Phocidff,  107,  158,  213. 
Phymatura,  713. 
Phyaeteridae,  161. 
Physeterinae,  160. 
Pigia  multilineata,  484. 
Pinophilus  latipes,  701. 
Placocbelys,  99. 
Plagiaulacidae,  138. 
Plagiomene,  248. 
PlataDomys,  475. 
Platandria,  720. 
Platanistidae,  160. 
Platonica,  720. 
Platyrrhinae,  110,  210-212. 
Platysomidae,  220. 
Platythyrea  punctata,  404. 
Plebeius  acmon  labecula,  457. 
Plesiadapidae,  199,  248. 
Pleiutispidotheriidae,  245. 
Pleurosaurus,  129,  233. 
Pliohippus,  268,  269. 
Podalirius,  555,  561,  570-582,  588-592. 
Podophyra,  11. 

Pcecilocentris,  560,  553,  557,  568. 
Poliosauridae,  102,  122,  227. 
Polymastodon,  107,  137,  138. 
Polypteridae,  112. 
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Polypterus,  101,  112,  113,  219,  220. 
Pomera  opaciceps,  404. 
Ponerina,  404. 

PotamochoBTUs,  192,  266,  267,  270. 
Potamogale,  107,  164-166. 
Potaznogalidse,  165. 
FVenolepis    anthracina,  433,   434,   431, 
432. 
gibberosa,  403,  433. 
gibberosa  rofferi,  434. 
guatemalensis  antUlana,  431. 
myops,  432. 
P3rTamica,  431. 
steinheili,  431. 
vividula  antillana,  431. 
Procamelus,  187,  193. 
Procavia,  186. 

Procolophon,  107, 119, 121, 217, 227-230. 
Procolophonidae,  102,  121,  227. 
Procyon,  150,  151. 
Procyonidffi,  103,  149,  150,  151. 
Prodasypufl,  168. 
Proechimys,  472. 
Propithecufl,  109,  203,  205. 
Prosimiffi,  206,  207. 
Protapirus,  195. 
Proterix,  162,  163. 
Proterotheriidae,  175. 
Protocetus,  158,  243. 
Protohippus,  269. 
Protriton,  226. 
Protylopus,  193. 
Protypotherium,  109,  179. 
Prozeuglodon,  159,  160. 
Pseudaiilax,  385. 
Pseudolathra  analis,  702. 
Pseudomyrma  elongata,  405. 
elongata  cubaensis,  405. 
flavidula,  405. 
flavidula  pazosi,  406. 
pazosi,  406. 
Psiloceras  planorbe  plicatum,  667. 
Psithynis,  502,  505,  507,  510,  516,  517, 

521,  522,  533,  539-544. 
Psittacotherium,  166,  215. 
Psylliodes,  17. 
Ptilocercus,  199. 
Ptilodus,  234,  235. 


Ptilothrix,  587. 
PtUotopus,  550-561,  568. 
Pynunica  gundlachi,  430. 
I^hon,  107. 

Rana,  118. 
Ranidffi,  118. 
Ranodon,  119. 

Rhinoceros,  196,  272,  276,  279,  281. 
RhinocerotidflB,  194, 196. 
Rhinochoerus,  276. 
Rhizodopeis,  219. 

Rhodites,  357c,  358,  359,  461,  368-571, 
375,  376,  385  390,  891,  400,  401. 

aref actus,  391. 

bicolor,  371,  393. 

Carolina,  331. 

carolinus,  331. 

dichlocerus,  366,  371. 

eglanterise,  393,  394. 

fulgens,  391. 

fusiformans,  393. 

globuloides,  331. 

ignota,  331. 

ignotus,  881-333,  371,  394. 

mayri,  328. 

multispinosus,  391. 

nebulosa,  393. 

nebulosus,  391,  393. 

neglectus,  391. 

nodulosus,  294,  392. 

ostensackeni,  391. 

ro8»,  328-332,  371,  382,  392-394. 

semipiceus,  391. 

spinossissimae,  394. 

veraa,  294. 

vemus,  294,  392,  393. 
Rhodocentris,  550-560,  568. 
Rhoophilua  loewi,  365. 
Richmond,   E.   Aver>%   Studies  on  the 
Biology  of  the  Aquatic  Hydro- 
philidas,  1-94. 
Rhynchocyon,  109,  198-200,  217,  266- 

268,  282. 
Rhynchosaurus,  233. 
Rhytina,  184. 

Saccolaimus,  200. 
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Saghatheriinse,  185. 
Salamandridse,  117,  213. 
Salamandrina,  117,  223. 
Salpa,  323. 
Santhota,  731. 
Sarcophilus,  142, 143, 145. 
Saropoda,  589. 
Sauranodon,  129,  233. 
Sauravida,  101. 
Scaphognathiis,  128. 
Scelidotherium,  168,  169,  240. 
SchiBtacxne  obtusa,  711, 712. 
Sciagraphica  colorata,  486. 
Scincosaurus,  226. 
Sciocharella,  703. 
Sciocharis  quadriceps,  703. 
Sciurida,  173. 
Sclerocephalus,  225. 
Scomber  trachurus,  479. 
Scopaeopsis  opaca,  703. 
Scopseus  carolinsB,  703. 

macilentiis,  703. 
Scylacops,  107,  133,  227. 
Scyris  alexandrina,  285,  289. 

indica,  285,  286,  292. 
Selene,  291. 

vomer,  286. 
Seironota,  117. 
Seriola  picturata,  480. 
Seymouria,  120,  121,  227,  228. 
SeymouriidflB,  101,  120,  121,  227. 
Silphidae,  80. 
Siluaa,  711. 
Silusae,  710. 
Silusida,  713,  714. 

tanuicomlB,  714. 
SimiidflB,  210. 
SimocephaluB,  11. 
Simosaurus,  99. 
Solenodon,  163-165,  208. 
Solenodontidse,  165. 
Solenopsis  corticalis  binotata,  428. 

corticalis  virgula,  428. 

geminata,  427. 

globularia  detecheoensis,  428. 

leviceps,  427. 
Solenozopheria  vaocinii,  365. 
Sorex,  165, 166,  208. 


Spaniopone,  407. 
Spathegaater,  394. 

quercus-laurifolue,  350. 
Speozanus  cundalli,  473,  474. 
Spercheus,  14,  79,  81-84. 
Sperchinae,  80. 
Sphaeridiinae,  77,  80,  82. 
Sphffiridium  15,  77,  81, 83, 87, 88. 
Sphenacodon,  107, 122,  227,  230. 
Sphenacodontidae,  102,  122,  227. 
Sphenodon,  99, 107, 130, 228-230, 233. 
Sphenodontidae,  130. 
Sphercheinffi,  30,  80. 
Sphyraena,  112. 
Sphyraenidae,  112. 
Spilogale,  109,  155. 

Spirodontomys  jamaicenflis,  473, 474. 
Squalodontidae,  161. 
Stamnoderus  palliduB,  703. 
Staphylinidae,  78,  80,  693-732. 
Stegochelys  119,  230. 
Stegopidae,  115,  225. 
Stegops,  115, 223. 
Stegosaunis,  127. 
Stegotherium,  167,  168,  171. 
Stenagria,  731. 
Stenaspilates  albomacularia,  490. 

flavisaria,  490. 

levisaria,  490. 
StenoWtopon,  129,  233. 
Stenus,  699. 

callosus,  700. 

lutzi,  700. 

meridionsdis,  700. 

sectilifer,  700. 

tetar,  699. 
Stephanoceras,  670. 
Stephanoceratidae,  670. 
Stephanosaums,  127, 128. 
Stergamataea  dolliata,  489. 
Stilicus  angularis,  703. 
Strumigenys  alberti,  340. 

eggersi  cubaantis,  430. . 

eggersi  vicentensis,  430. 

margaritae,  430. 

rogeri,  430. 
Sir}  mon  acadicaacadicamuskoka,  450. 

acadica  coolinentis,  451. 
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acadica  montanentis,  451. 

acadica  souhegan,  449. 

acadica  souhegan  swetti,  450. 

chalcis,  453. 

ssepium,  452. 

ssepium  chlorophora,  462,  453. 

ssepium  fidvescens,  453. 

sffipium  proYO,  452. 
Subhyracodon,  196. 
Suidff,  192,  193,  266,  268,  282. 
SiiinfiB,  192. 
Sufi,  100,  193,  272. 
Synalonia,  614,  615. 
S3Tichlora  liquoraria,  484. 
Synergus,  358. 

lignicola,  295. 
Synglochis  perumbraria,  488. 
Synhalonia,  580,  608,  614-622,  626,  627. 
Systemodon,  195,  248. 

Tachtporus  macropterus,  706. 
Talpa,  165,  166,  208. 
Tamandua,  169,  170. 
Tanygnathus  bicolor,  706. 
Tapinocephalid^e,  132. 
Tapinoma  litorale,  431. 

litorale  cubaensis,  431. 
TapiridflB,  194,  195. 
Tapinilus,  186. 

Tapirus,  194,  272,  275,  276,  280.* 
Tarpon,  112. 
Tarsiidfie,  204,  216. 
Tarsiufl,  109,  204,  206,  209,  212. 
Tatusia  168. 
Taxidea,  154,  156. 
Tayaasu,  191. 
Teleosaunis,  125. 
Tatartopeus  nigricepSi  702. 
Tetonius,  204,  206. 
Tetrachodon,  245. 
Tetragona,  463,  493, 496. 
Tetrallufl,  719. 
Tetralonia,  580,  594,  595,  598-608,  612, 

614-624,  627. 
Tetraloniella,  622,  626. 
Tetramorium  guineense,  407,  413. 

lucayanum,  406. 

SI  minimum,  406. 


Tetrapedia,  562,  666,  669. 
Tetrastylus,  471. 
Tharsalea  virginiensis,  452. 
Thecla,  449. 
Thecturota  fracta,  713. 

nevadica,  713. 
Theosodon,  176. 
Thinocyon,  146,  151. 
Thoatherium,  176. 
Thoracophorus  costalis,  693. 
Thygaster,  594,  597,  607,  611,  616. 
Thylacinufl,  134,  142,  145,  218. 
Thryptacodon,  238. 
Tillotherium,  103,  171. 
Timaspis,  358,  361,  369,  367,  400,  401. 
Tinotufi,  719,  723. 

ampliu,  723. 

bruimipes,  724. 

parvicornis,  725. 

pUnulus,  724. 
Tolypeutes,  167. 
Tomistoma,  125. 
Tomoxelia,  711. 
Tomos  erectarius,  487. 

scolopacinarius,  487. 
Toxodon,  178. 
Toxodontidae,  177. 
Trachina,  649,  555-560,  569. 
Trachodon,  127. 
Trachodontidae,  126. 
Trachimis  capensis,  479,  480. 

cuvieri,  478. 

decUvis,  477-480,  481. 

japonicus,  477-479,  480,  481. 

latliami,  478,  479. 

linnsei,  478. 

mccullochi,  478, 479-481. 

mediterraneus,  477-479,  480. 

murphyi,  478,  479^81. 

novsB-zelandiffi,  477,  478,  480. 

picturatus,  478-460,  481. 

semispinosus,  478,  479,  480. 

symmetricus,  477-460,  481. 

trachuruB,  478,  479,  481. 
Trachymesopus,  404. 
Trachymyrmex,  428. 
Tragulidae,  187. 
Tragulus,  187. 
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Trematosaurus,  99,  118,  225. 
TriasBochelys,  107,  119,  230. 
Triceratope,  107,  126,  127. 
Trichechus,  184. 
Trichiusa  unina,  725. 
Triepeolus,  592,  624. 
Trigona,  493-494,  496-502. 

amalthea,  465. 

bipunctata  wheeleri,  462. 

clavipes,  462,  466,  467. 

cupira,  464. 

dallatorreana,  463. 

droryana,  466,  467. 

duckei,  467. 

emerina,  466,  467. 

frontalis,  462. 

frontalis  flavocincta,  462. 

fulviventris,  461. 

fuscipennis,  465. 

goeldiana,  467. 

goettei,  463. 

heideri,  463. 

jaty,  461,  462. 

kohli,  463,  464. 

leucogastra,  466. 

manni,  463. 

mexicana,  462. 

mocsaryi,  463. 

mosquito,  466,  467. 

musanim,  464,  467. 

occidentalis,  463. 

pallida,  460,  463,  464. 

pura,  466 

recurea,  460,  464,  465,  467. 

recurvra,  465. 

rhodoptera,  462. 

rhumbleri,  463,  464. 

mficrus  corvina,  465. 

schrottkyi,  467. 

stigma,  465. 

subgriBea,  465,  467. 

townsendi,  465. 

varia,  462. 

williana,  462,  463,  467. 
Trigonaspis,  349. 

crustalis,  381. 
Triisodontida,  239. 
Trimerorhachidae,  115,  225. 


Trimerorhachis,  115, 222, 223,  225. 
Triplopus,  195. 
Trirachodon,  137. 
Tritylodon,  137, 138, 214,  235. 
Tritylodontidae,  138. 
Troglodytes,  210. 
Trogophloeus,  693. 

basicomiB,  694. 

corticinus,  694,  695. 

fulvipes,  694. 

gracilis,  695. 

maculicollis,  693. 

modestus,  694. 

nanulus,  694. 

texanus,  694. 
Tropisternus,  10, 14, 31, 85,  52,  81-88. 

glaber,  4, 6, 15, 85, 39. 

lateralis,  6,  15,  35,  37. 

mixtus,  35. 

sublsevis,  39. 
Tubifex,  11,  63,  69. 
Tupaia,  109, 171, 186, 198, 199, 215. 
TupaiidflB,  198. 
TutidanidsB,  226. 
Typotberium,  178. 
Tyrannoeaurus,  107, 123,  124. 

Udenodon,  99. 
Uintatheriidff,  181. 
Uintatherium,  180. 
Urocordylidae,  226. 
Ursid«,  103,  149, 151-156,  213. 
Ursus,  109,  149, 151,  152. 

Varanops,  123. 

Vassacyon,  239. 

Viverravus.  151. 

ViverridflB,  103,  152,  153,  156,  213. 

Vomer,  291. 

Vulpavus,  149,  151,  239. 

Wasmannia  auropunctata,  427,  428. 
Watson,  Frank  E.,  and  Comstock,  Wm. 

P.,  Notes  on  American  Lepidop- 

tera  with  Descriptions  of   New 

Varieties,  447-457. 
Wrgbt,  Wm.  S.,  Report  on  the  Lepidop- 

tera  of  the  American  Museum  Ex- 
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pedition  to  Arizona,  1916,  4S3-  Zethus,  547. 

490.  Zeuglodon,  168. 

Wynyardia,  107,  143,  144,  236.  Zeiiglodontidai,  159. 
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